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One of our greatest threats to surface-water quality is polluted stormwater runoff.  In this 
research, investigated is the use of a green roof irrigated with recycled stormwater runoff to 
remove pollutants from stormwater runoff and reduce the volume of stormwater runoff leaving 
developed areas.  The green roof properties of interest are the filtration and biological processes 
as well as the roof’s ability to hold water and increase evapotranspiration, reducing the volume 
of stormwater runoff from the source.   
Because of the above mentioned reasons the experiment consists of a water quality 
analysis and a water budget done on several experimental chambers modeled after the green roof 
on the student union building at the University of Central Florida.  The green roof chambers are 
used to study different types of growing media, different irrigation rates, and the addition of 
plants and how stormwater runoff quality and quantity is affected.  There are also control 
chambers built to model the conventional roof on the student union building.  The purpose of the 
control is to determine the effectiveness of the different media’s filtration/adsorption processes 
and ability to hold water, in addition to identifying the benefits of adding a green roof to both 
water quality and the water budget. 
This research showed that a specifically designed green roof stormwater treatment system 
with a cistern is an effective way to reduce both the volume of and mass of pollutants of 
stormwater runoff.  The year long water budget showed that this system can reduce the volume 
of stormwater runoff by almost 90%.  The green roof model developed within this work showed 
similar results for the same conditions.  Design curves produced by the model have also been 
presented for several different geographic regions in Florida. 
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The green roof stormwater treatment system presented within this work was effective at 
reducing the mass of pollutants.  However, the concentration of several of the examined 
pollutants in the effluent of the cistern was higher or equivalent to that of a control roof.  Nitrate 
and ammonia were two that had a lower concentration than the control roof.   
The use of a pollution control growing media was also examined.  The results of this 
study show that the Black & GoldTM growing media is effective at removing both ortho-
phosphorus and total phosphorus.  Isotherm analysis was also preformed to quantify the 
adsorption potential.  Despite the promise of the Black & GoldTM growing media to remove 
phosphorus the plants did not grow as well as in the expanded clay growing media.  It is 
suggested that the pollution control media be used as a layer under the growing media in order to 
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CHAPTER ONE: INTRODUCTION AND BACKGROUND 
Introduction 
 
Surface-water is a valuable resource that is used for several purposes, such as: sources of 
irrigation for food, recreation, drinking, and wildlife habitat, just to name a few.  As urbanization 
continues to spread and we deplete and/or pollute our groundwater, the need to protect our 
surface water will become critical.  A major factor in less-than-desirable environmental 
conditions in urban areas is poor surface-water quality.  There are several factors that affect 
surface-water quality such as polluted stormwater runoff, poor air quality, industrial discharge, 
and urbanization of undeveloped lands, etc.  Stormwater runoff can be polluted in several ways 
such as contact with corroded roof materials (Good 1993), contact with polluted particulate 
matter on roadways (Vaze and Chiew 2004), and contact with fertilizers and pesticides from 
lawns and agricultural land.   
There are two named classifications for the source of pollution: point source and non-
point source.  Point source pollution can be traced to a single source, such as an industrial 
discharge, while non-point source pollution has multiple discharge points and is difficult to 
control (i.e. automobile emissions).  Most stormwater is considered to be a non-point source 
since it is not subject to a NPDES (National Pollution Discharge Elimination System) permit.  A 
majority of the stormwater runoff makes it into our surface water with absolutely no treatment, 
having a negative effect on water quality.   
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Urban areas have a pollution footprint associated with them and that pollution is usually 
transported off the area by means of stormwater.  The large impervious areas created in the form 
of roads, parking lots and roofs will collect pollutants during dry periods and become mobile 
during a precipitation event (Good 1993).  The large volume of polluted stormwater coming off 
the impervious areas is more than the smaller pervious areas can infiltrate, causing the polluted 
stormwater to flow to the nearest body of water, thus having an adverse effect on the water 
quality (Davies et al. 2003, Kim et al. 2003, Vaze and Chiew 2004).  One possible solution to 
this problem is the use of a green roof for stormwater management and treatment. 
Green roofs offer an aesthetically pleasing treatment solution that utilizes unused space to 
treat and store stormwater runoff.  Unfortunately, green roofs require the roof structure to carry 
additional loading due to the growing media, plants and water held on the roof.  Therefore, 
adding a green roof to an existing building may or may not be possible without added 
reinforcement, depending on the existing structural design.  However, green roofs can be 
designed to impose minimal excess load requirements, but a structural analysis of the roof will 
need to be done to see if any added support is needed.  With the adaptabilities of a green roof, 
this stormwater treatment method can be applied to almost any roof structure.  The results of this 
research will give developers and builders new options for stormwater management source 
control that will allow them to treat polluted stormwater while eliminating an impervious surface 
and pollution contributor.  This, in effect, reduces the stormwater runoff and the mass of 
pollutants leaving an impervious area (Hunt and Moran 2004). 
Living plants have certain nutritional demands which must be met in order for the plants 
to survive.  Therefore, green roofs must contain correct amounts of organic matter in the growing 
media so the plants will have the nutrients they need over the life of the roof.  The nutrients 
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contained in the media may not be immediately available to the plant and might leach out of the 
system, contributing to poor water quality via high nutrient loading, mainly nitrate and phosphate 
(Hunt and Moran 2004).  It is for these reasons that the green roof will be irrigated with recycled 
stormwater runoff, which will contain suspended and dissolved nutrients that are repeatedly 
recycled in order to maximize the natural nutrient utilization capabilities of the biological 
processes taking place.   
Recycling the stormwater runoff and irrigating the green roof with stored water enhances 
hydrologic related factors such as evapotranspiration, the filtering abilities of the plants and 
media, and the water holding abilities of the plants and media, as well as greatly reduce the 
volume of stormwater runoff leaving the site.  In order to achieve this, a cistern needs to be used 
to store the water between irrigation events.  The only two ways water will leave the system is 
through evapotranspiration and as stormwater runoff when the system reaches storage capacity 
from large storm events.  The only two ways water will enter the system is from precipitation 
and from a supplemental source.  This research experiment uses potable water to supplement the 
system, but stormwater generated from another source could also be used to further reduce the 
amount of stormwater runoff leaving the area.  The efficiency of the system will be determined 
from the total precipitation and the total overflow.  Based on this research, design equations are 
developed to correctly size a cistern given a desired efficiency. 
Depending on the media used, there may be different pollutant loading associated with 
certain types of media.  The use of two different growing media composites are being studied in 
order to quantify the different infiltration abilities and different water holding capabilities 
associated with certain media.  There is also a very limited amount of data on green roof 
stormwater runoff water quality; therefore, an overall water quality analysis and water budget of 
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green roof stormwater runoff is conducted.  A practical way to reduce the amount of pollutants 
entering surface waters in the form of stormwater from roofs is one of the reasons for this 
research.  
The most practical approach to the problem of stormwater runoff is to try to treat the 
water as close to where it was contaminated as possible.  This concept is called source control 
(Ellis 2000).  Developing an undeveloped land reduces the evapotranspiration and increases the 
stormwater runoff for that area, thereby changing the hydrologic cycle for the watershed.  The 
practice of using plant- and soil-based techniques for treating and holding stormwater at the 
source to decrease stormwater runoff and increase evapotranspiration rates is called low-impact 
development (LID) (Davis et al. 2003).  Within this research, introduced is a new LID treatment 
option- the use of a green roof and cistern system.  If green roofs are shown to remove pollutants 
from stormwater, then this will be a way to utilize the unused roof space, which is in many cases 
a source of stormwater pollution, in order to treat stormwater and increase the overall 
adaptability of an impervious area to its surrounding environment. 
 
History of Green Roofs 
 
Green roofs have been around in some form for thousands of years.  From the great 
hanging gardens of Babylon to the sod roofs of the Scandinavians (Dunnett & Kingsbury 2004, 
Worden et al. 2004) to eloquent parks on top of modern buildings, green roofs have provided 
much needed building materials and aesthetics for mankind for thousands of years.  The first 
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noted green roofs came from ancient civilizations of the Tigress and Euphrates river valley 
(Dunnett & Kingsbury 2004).  Better documented are the sod roofs of the Northern Europeans 
and the soddies used by Americans during the westward expansion (Worden et al. 2004).  These 
builders used mud and sod grass as a building material.  Other than the benefits of a comfortable 
living space, warm in the winter and cool in the summer, and the structural stability offered by 
the root system, sod grass roofs were a convenient and inexpensive way to build.  Birch bark and 
other similar materials were used as the water proofing layer with a twig or straw drainage layer 
(Dunnett & Kingsbury 2004).  These traditional sod grass houses are still used in parts of 
Northern Europe. 
With the advent of modern materials in the twentieth century, which addressed common 
problems encountered with green roofs, there was a rebirth of green roofs in Germany.  A 
combination of poor environmental quality, social pressures, and a political climate that 
supported their implementation drove to their current popularity (Dunnett & Kingsbury 2004).  
There have been numerous studies done in Germany which quantify what materials should be 
used, what plants should be used, what stormwater efficiency can be achieved, and how much 
maintenance is required over the green roof life.  In recent years there has been a surge of green 
roof interest in the United States spurred on by the pressures of an unhealthy urban habitat and 
numerous success stories from Europe and Asia. 
Chicago, Illinois is leading the way for the green roof industry in the United States.  
According to Green Roofs for Healthy Cities, Chicago boasts the most green roof tops in the US 
and also had the most square footage built during the year 2005.  The Ford Motor Company built 
a 10.4 acre green roof on its new facility in Dearborn Michigan (University of Michigan, Green 
Roof Research Program) saving millions of dollars in reduced stormwater management facilities.  
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Other cities in the US are also noticing the great benefits of using green roofs and implementing 




Environmental quality concerns continue to be a big problem for builders.  The quantity 
and quality of stormwater runoff leaving a site are of particular importance since a majority of 
pollutants are transferred off of urban land and into the natural environment by means of 
stormwater runoff (Vaze and Chiew 2004, Ellis 2000, Good 1993).  There currently exist several 
methods for addressing this issue, each with its benefits and drawbacks.  
 One of the main drawbacks is the fact that it is difficult to find the space to treat such a 
large volume of water to meet water quality standards before it is discharged into a receiving 
body.  Unlike wastewater, nutrient loads associated with stormwater are not typically related to 
animal waste with the exception of stormwater runoff generated from agricultural land.  Vaze 
and Chiew (2004) proved that most of the total nitrogen and total phosphorus loads associated 
with urban stormwater are due to particulate matter being dissolved in the stormwater runoff 
from a storm event.  Vaze and Chiew (2004) studied the relationship between sediment size and 
the expected total nitrogen and total phosphorus loading associated with a certain particle size.  
They found that less than 10% of total nitrogen and total phosphorus were attached to particles 
larger than 300 μm.  Approximately 25% of the total phosphorus and about 15% of the total 
nitrogen are dissolved or are smaller than 0.45 μm.  There is very little total nitrogen and total 
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phosphorus in the size range of 0.45 to 11 μm, and more than 70% of the total nitrogen and more 
than 60% of the total phosphorus falls within the size range of 11 to 300 μm (Vaze and Chiew 
2004).  They discuss increasing the efficiency of stormwater treatment facilities such as wetlands 
and detention ponds through a better understanding of which sediment sizes contribute the most 
to high total nitrogen and total phosphorus loads and designing the treatment facilities with the 
ability to remove that particle size range. 
Heavy metals are also a common component in polluted urban stormwater runoff.  They 
have several sources such as atmospheric dispersion of particulate matter, dust from combustion 
processes and leaching of corroded roof materials during storm events (Good 1993, Vaze and 
Chiew 2004).  Good (1993) studied roof stormwater runoff as a source of heavy metal pollution, 
particularly copper, lead, and zinc.  He tested water quality parameters in two ways: first flush 
after an eight day inter-event dry period and an after-first flush.  A first flush sample is 
considered to be a representation of the amount of stormwater runoff that comes off a roof 
associated with the first layer of water to cover the roof.  An after-first flush sample is any 
sample taken after the particulate matter and dust associated with the first flush is washed away.  
This sample is representative of how much the roof material is leaching pollutants.  Good (1993) 
proved that roof stormwater runoff contributed significantly to heavy metal pollution of 
stormwater runoff.  He found that for first flush samples there were higher concentrations of 
metals than for after-first flush samples, showing that, during longer intermittent dry periods, 
atmospheric deposition was a significant source of heavy metal pollution.  After-first flush 
samples were less than first flush samples, but there were still high concentrations of heavy 
metals, showing that they were leaching during precipitation events (Good 1993).   
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Urbanized lands produce large volumes of several different kinds of wastewater.  There is 
wastewater generated from toilet flushing, sinks, baths, and stormwater runoff, etc.  Jefferson et 
al. (2004) looked at characterization of grey water, possible uses for recycling grey water, and 
the public concerns associated with certain grey water recycling applications.  Grey water is 
defined as any urban wastewater that has no input from toilet flushing (Jefferson et al., 2004).  
Jefferson et al. (2004) discusses several ways to re-use grey water for urban applications such as 
water to flush toilets, water for irrigation, water to wash cars, and water to restore wetlands, just 
to name a few.  They proved that while grey water quality is highly variable, it is pretty 
consistent in that it typically contains high organic content, usually in the form of phosphates 
from washing applications, and almost no metal content.  They also looked at possible biological 
pre-treatment in order to reduce the organic content before the water was recycled.  Since grey 
water is so variable in its organic loadings and its nutrients are typically imbalanced, it might 
make biological pre-treatment difficult or impossible without balancing the macro- and 
micronutrients and stabilizing the organic loads (Jefferson et al., 2004). 
The concept of surface and ground water contamination via urban stormwater runoff is 
not a new one.  As the populations of urban areas increase and more land is developed to 
compensate the growth, stormwater source control becomes more important.  Source control is a 
method of stormwater treatment that minimizes directly connected impervious areas and stores 
and treats stormwater runoff at the source (Ellis 2000).  Ellis (2000) looked at pollution removal 
from stormwater runoff using infiltration processes.  He discusses using infiltration processes to 
treat stormwater to recharge aquifers for future use.  Ellis (2000) also looked at the long-term 
effectiveness of an infiltration system’s ability to remove pollutants from stormwater.  A primary 
problem with using an infiltration system to treat and store stormwater is that if the pollutant of 
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concern is not sufficiently removed it could contaminate the aquifer.  Also, if the infiltration 
system gets clogged there would be a horizontal flow bypassing the treatment and spreading 
untreated pollutants to the aquifer (Ellis 2000).  Ellis (2000) did not, however, look at the ability 
of an infiltration system to remove nutrient pollution nor ways to integrate biological processes 
with the infiltration processes, which could achieve an overall higher efficiency.  
One of the biggest challenges in urban stormwater treatment is that there is such a high 
volume of stormwater runoff that it would take a large treatment operation to effectively treat it, 
not to mention the high cost of building the infrastructure needed to transport the stormwater 
runoff to the treatment site.  It is also necessary to take into account public concern and opinion 
about where to treat the stormwater runoff.  Some individuals may not want to live next to a 
large treatment plant that may or may not produce odors or other undesirable environmental 
conditions.  This has forced engineers to design creative stormwater treatment facilities that are 
also aesthetically pleasing, which implement efficient stormwater treatment processes such as 
bioretention.   
Bioretention is a stormwater treatment method that utilizes infiltration and other 
biological processes of soil and plants to remove pollutants (Davis et al., 2003, Kim et al., 2003).  
Davis et al. (2003) discusses the removal of heavy metals from urban stormwater runoff through 
the use of this process.  Lab pilot study results revealed that bioretention was achieving metal 
removal greater that 97%, regardless of the flow conditions.  Field research also indicated similar 
results, finding metal removal greater than 90% (Davis et al., 2003).  Because of this, removal of 
heavy metal pollution will not be examined.  However, since organics were present in the 
growing media, nutrient loadings should be examined to be sure that they are not leaching out of 
the media. 
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Organic compounds contain somewhat large amounts of nitrogenous components.  
Excessive nutrient loading of surface water results in eutrophication, which can ultimately result 
in severe, irreversible damage to the biochemistry of lakes and other receiving bodies.  Davis et 
al. (2003) discusses the removal of nitrates from urban stormwater runoff through the use of 
bioretention.  They describe the possible application of bioretention in urban areas to reduce 
nutrient loading in surface waters.  They also discuss the use of a specific media, an anoxic zone, 
and the use of microbes to achieve nutrient removal through nitrification and denitrification 
processes.  They failed to look at reducing or recycling stormwater runoff for increased nutrient 
removal and also did not look at other water quality aspects such as pH levels, total phosphorous 
(TP), or ortho-phosphorous (OP).  
Another study conducted by Hunt and Moran (2004) compared and contrasted 
conventional bioretention methods with a bioretention method consisting of an up-turned elbow 
that simulated an anaerobic environment to promote denitrification.  They also studied the use of 
a less invasive stormwater treatment best management practice (BMP) known as green roofing.  
Hunt and Moran (2004) proved that when bioretention units are supplemented with an anaerobic 
zone there is minimal difference in the nitrate, total nitrogen (TN), and total Kjeldahl nitrogen 
(TKN) removal rates, while there is significant removal rate difference in TP, OP and iron (Fe).  
Hunt and Moran (2004) also found green roofs to be a source of nutrient pollution, primarily in 
the forms of nitrogen and phosphorous, which had leached out of organics in the growing media.  
Storing green roof stormwater runoff and using it to irrigate the green roof should improve the 
plant’s ability to utilize the nutrients contained in the growing media.   
They also completed a water budget on a non-irrigated green roof and found that for 
small precipitation events, the green roof was able to retain approximately 75% of the 
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precipitation and reduce the peak flow by as much as 90% as well as increase the time of 
concentration to almost four hours. The time of concentration is the amount of time it takes for 
stormwater runoff to occur after a precipitation event has begun (Hunt and Moran, 2004).  
While reducing the volume of stormwater runoff from a roof a green roof actually leaches 
nutrients from the growing media.  This is due to both the organic content of the growing media 
and the use of fertilizers.  Emilsson (2004) studied how fertilization effected plant growth and 
water quality.  The recommended fertilization rate, according to the FLL, is 5 g N/(m2, year) 
which is to be applied in the form of a slow release fertilizer.  Emilsson (2004) found that a 
combination of easily dissolvable fertilizer and coated slow release fertilizer are the best 
combination for plant growth.  Although, he points out that fertilizers should not be used if the 
goal for the green roof is biodiversity.  Emilsson (2004) also examined the effect of fertilization 
on runoff water quality.  He found that with the normal fertilization rate of 5 g N/(m2, year) the 
nitrogen loss from the growing media was about 16%, Emilsson (2004) also noted that a high 
concentration pulse occurred during the first few weeks after the fertilization event.  One thing 
Emilsson (2004) did not look at was the possibility of storing and recycling the runoff to 
minimize the nutrients leaving the green roof system. 
MacMillan (2004) studied both the water quantity and water quality of stormwater runoff 
from an irrigated green roof in Toronto.  He found that green roofs were able to significantly 
reduce the total stormwater runoff volume and the peak flows coming off a roof for small storm 
events, around 55% and 85%, respectively, for storm events less than or equal to 10 mm 
(MacMillan, 2004).  MacMillan (2004) also noted that due to the irrigation keeping the soil 
saturated and reducing void spaces the efficiency is lower for individual storm events than it 
would be if the roof was not irrigated.  Also addressed in MacMillan’s paper is the fact that 
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green roof volume control efficiency changes with time of year noting that the efficiency is 
higher in the spring and summer months and lower in the winter and fall months.  The water 
quality of the roof was also monitored for several water quality parameters.  Compared to the 
control roof runoff the green roof runoff had higher concentrations for a couple of nutrients and 
most metals.  The main nutrient leached out of the green roof is phosphorous, both phosphate 
and total phosphorous, which is about 97% and 95%, respectively, higher than the control roof 
(MacMillan, 2004).  MacMillan (2004) also noted that the green roof reduced some metals and 
nitrogen species.  The metals reduced were aluminum, copper, and manganese which had 26%, 
147%, and 224% reduction, respectively, from the control roof (MacMillan, 2004).  The nitrogen 
species reduced are ammonia/ammonium, nitrite, and nitrite/nitrate which had 852%, 79%, and 
212% reduction, respectively, from the control roof (MacMillan, 2004).  MacMillan also noted a 
reduction in PAHs when compared to the control roof.  Not examined in this paper is the benefit 
of adding a cistern to store runoff and reuse it for irrigation.  This roof was irrigated, but it was 
irrigated using potable water, not recycled runoff. 
Moran et al. studied green roofs in North Carolina to examine runoff quantity and quality 
as well as evaluate plant growth.  During the nine month period examined it was found that a 
green roof was able to retain about 60% of the total rainfall volume while reducing the peak flow 
by about 80% (Moran et al., 2004).  There was no comparison to a control roof, but it is common 
to assume a conventional roof retains about 3-5% of the total rainfall volume.  The water quality 
analysis done by Moran et al. (2004) also suggests that nutrients are leaching out of the growing 
media.  This is mainly in the form of TN and TP, however there was no statistical difference 
between the green roof and the control roof for both concentration and mass loading for TN.  TP 
concentration however, was significantly higher than the control roof but again, there was no 
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statistical difference for the mass loading (Moran et al., 2004).  Not addressed in this paper but 
shown in the results is the need to store and reuse the runoff generated from green roofs before 
this water is allowed to make it to our surface waters.  Moran et al. (2004) also did not have 
sufficient data points to determine a trend in the water quality data.  
 
Current State of the Art 
 
There has been very little research done on green roofs in the United States, and therefore 
very little data exists on the environmental benefits of implementing this technology.  Most of 
the research that has been done so far has not examined the water quality of the stormwater 
runoff leaving the roof, with few exceptions such as Hunt and Moran (2004), focusing primarily 
on the increase in thermal efficiency or hydrological benefits.  Also, none of the available 
previous research had examined irrigating the green roof with recycled stormwater runoff in 
order to minimize loss of nutrients through soil leachate.  This would have increased 
evapotranspiration rates, increased biological and filtration efficiencies and further reduced the 
volume of stormwater runoff leaving the site.  In this research, investigated is the effectiveness 
of a planted green roof at treating and retaining stormwater, as well as force high 
evapotranspiration rates through over-irrigation of the green roof.  The water holding ability of 
the plants and the media are tested with two different irrigation rates, and a water budget analysis 
is recorded.  The green roof’s ability to hold water is significantly reduced the stormwater runoff 
leaving a given watershed.  With less impervious area, there is less stormwater runoff, which 
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leads to an increase in infiltration rates and a shorter contact time with pollutants.  The planted 
green roof will be compared to a bare, conventional roof and a roof with just media.  All of the 
experiments will be replicated at least once.  In this research, it is also taken into account trying 
to retrofit this technology to a pre-existing infrastructure, as there may be additional factors to 
consider (i.e. space restriction, etc.) 
 
 
Summary of Chapter 
 
There are several stormwater treatment technologies and techniques currently being used 
to deal with the excessive stormwater runoff that leaves the large impervious urban areas.  This 
stormwater runoff has been proven to have a negative effect on the local surface-water quality 
that increases with how far stormwater runoff has to travel over impervious areas to reach a 
receiving body.  As cities continue to spread their boundaries to cope with the constant 
increasing population, increasing impervious area and reducing pervious area, stormwater 
management becomes a more critical issue.  As pointed out by Ellis (2000), polluted stormwater 
runoff contaminates both surface- and groundwater supplies, creating a major public health 
concern since groundwater is heavily relied on as a source of drinking water, and surface-water 
is used so heavily for recreation.  All of the previously mentioned stormwater treatment methods, 
with the exception of the green roofs studied by Hunt and Moran (2004), Moran et al. (2004), 
Emilsson (2004), and MacMillan (2004), have not addressed the issue of limited available space 
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to treat polluted stormwater.  Most of the stormwater treatment methods would require a large 
area to effectively treat the stormwater before discharge.  This is a major advantage of the green 
roof design, which would utilize unused roof space to treat and store water.  With increased 
evapotranspiration and water retention on the green roof, the green roof will be able to be used to 
treat other stormwater runoff sources, i.e. parking lots and roads.   
 
 
Roadmap to Rest of Thesis 
 
The first chapter in this thesis is the introduction and summary chapter.  Within this 
chapter, the importance of stormwater quality and source-control, a background on what others 
have done to address stormwater quality management and why this thesis is needed are 
introduced.  Chapter two in this thesis is the problem definition chapter.  Also included within 
this chapter is a problem statement that addresses the parameters of interest and discusses what 
this experiment will study.  The statement of the hypothesis is also included in this chapter, along 
with discussion of the expected contributions resulting from this research.  Presented in the third 
chapter of this thesis is the experimental approach of this research.  Chapter four is the 
presentation of the results as well as the discussion of the results.  Chapter five presents the 




CHAPTER TWO: PROBLEM DEFINITION 
Problem Statement 
 
Several of the lakes in Central Florida suffer from poor water quality, with contaminated 
stormwater as one of the biggest sources.  In this research the effect of a green roof irrigated with 
recycled stormwater runoff to improve stormwater quality and reduce the volume of stormwater 
runoff leaving an urban area is studied.  This best management practice (BMP) low impact 
development (LID) will utilize the unused roof space to treat and store stormwater.  In addition, 
the stormwater runoff from the green roof will be stored in an on-site cistern that is hooked up to 
a pump-and-irrigation system to recycle the stormwater runoff and irrigate the green roof.   
Storing the stormwater runoff and irrigating the green roof with it has several advantages.  
First and foremost, this moves the criteria for plant selection from drought-tolerant to another 
more beneficial criterion such as nutrient-removing or water holding ability.  Higher 
evapotranspiration (ET) rates will reduce the volume of water that will need to be treated and 
therefore, stormwater contaminated from another source would also be able to be treated, further 
reducing the volume of stormwater runoff leaving an urban area. 
Recycling the stormwater runoff will also increase filtration efficiency due to the 
increased number of times contaminants are passed through the media, which increases the 
probability of the pollutants being adsorbed by the media.  This will also result in an increase in 
efficiency of the biological nutrient-removal processes associated with the plant metabolism. 
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Stormwater is a source of both organic and heavy metal pollution in surface-waters.  
Infiltration systems have been shown to be effective in heavy metal and particulate removal, but 
ineffective in dissolved nutrient removal.  These infiltration systems often times also require 
large operating areas (Ellis 2000, Davis et al., 2003, Kim et al., 2003, Hunt and Moran 2004).  
Bioretention units also showed high metal removal, mainly due to the infiltration processes, but 
also frequently noted nutrient pollution, primarily in the form of nitrate.  This is because much of 
the organic nitrogen is in the form of ammonia, which is converted to nitrate by aerobic 
nitrifying bacteria in the media, which eventually leaches out of the media in the stormwater 
runoff.  To achieve nitrogen removal there would need to be an anoxic zone where anaerobic, 
denitrifying bacteria would further convert the nitrate to nitrogen gas and water (Kim et al., 
2003, Hunt and Moran 2004). 
Nitrification 
NH4+ + 2O2  NO3- + 2H+ + H2O 
Denitrification 
2NO3- + 12H+  N2(g) + 6H2O 
Green roofs must contain fairly large amounts of organic matter in order for the plants to 
survive and take full advantage of the biological processes.  This organic matter can also be a 
source of nutrient pollution if any of the organics are washed out of the soil with the stormwater 
runoff (Hunt and Moran 2004).  This source of nutrient pollution is being largely reduced with 
the application of a cistern to collect the stormwater runoff and an irrigation system to recycle 
the stormwater runoff through the system on a scheduled basis.  This limits the amount of 
stormwater leaving the system to ET and overflow during heavy storm events that exceed the 
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system capacity.  The water quality in the system will be measured regularly to establish what 
mass and concentration of pollutants would leave the system during an overflow storm event. 
Several water quality parameters will be studied for metal, organic, and inorganic non-
metal constituents in the green roof stormwater runoff.  Table 1 lists some values of the 
parameters of interest for Central Florida lakes and stormwater, as well as anticipated values for 
this experiment.   
The organic and inorganic parameters that will be studied will be ortho- and total 
phosphorus, total nitrogen, nitrate + nitrite, total Kjeldahl nitrogen, ammonia, total suspended 
solids, total dissolved solids, total solids, turbidity, pH, alkalinity and temperature.  Phosphates 
and nitrogen species, mainly ammonia, are present in animal waste and decomposing plant 
matter.  These compounds, especially phosphorus, are typically the limiting nutrient that controls 
aquatic plant growth rate and excessive release of these nutrients into surface-waters promotes 
eutrophication.   
The total suspended solids, total dissolved solids, total solids and turbidity are a measure 
of the particulate matter in the water, which consists of not only metals but also both organic and 
non-organic non-metals.  It is also a measure of the aesthetic quality of the water.   
Alkalinity is a measure of a waters resistance to change in pH and is an important 
parameter in surface-water quality since most aquatic life is sensitive to significant changes in 
pH.  The pH is a measure of the potential of hydrogen in a liquid, usually water.   The pH of a 
natural surface-water will vary with geography, but will remain about neutral with a value of 7.  
Any significant deviation either up or down makes the water highly corrosive.   
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Temperature is also an important water quality parameter.  All life has a temperature 
range in which it lives.  If the temperature changes out of the preferred range, several aquatic 
plants and animals will not survive.   
 
Table 1: Water Quality Parameters 

















(OP) [mg/L as 
P] 0.004 - - 0.11 0.11 
Total 
Phosphorus 
(TP) [mg/L as 
P] 0.038 0.05 0.07 0.22 <0.22 
Total Nitrogen 
(TN) [mg/L] 0.87 0.79 0.18 - 0.81 
Nitrate (NO3) 
[mg/L] 0.026 - - 0.6± <0.6 
Ammonia 
(NH4) [mg/L] 0.02 - - 0.5 <0.5 
TKN [mg/L] 0.85 - - 1.6 <1.6 
Turbidity 
[NTU] - - - - <10 
TSS [mg/L] 4.9 - - 42 <42 
TDS [mg/L] 122 76 40 74 36 
PH 7.8 6.9 0.2 7.3 6.7 
Alkalinity 
[mg/L as 
CaCO3] 45.9 54₣ 20 38.9 >60 
Temperature 
[C] Will vary with season  
(1) www.cityoforlando.net/public_works/stormwater/ ± Nitrite and Nitrate 
(2) Wanielista & Yousef (1993)    ₣ Alkalinity given as HCO3- 
(3) Pitt & Maestre (2004)     ¥ Based on 2004 data 
¤ Monthly average 
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The media and the plant components of green roofs store water in the void spaces in both 
the media and in the cells of plants.  This holds the water closer to the surface of the soil, thereby 
increasing evapotranspiration rates.  In order to quantify these effects on stormwater quality and 
quantity, a water budget analysis will be preformed on the green roof (see Figure 1).  This water 
budget will focus on the ET rates and the storage of the media and plants.  The water budget will 
be performed using a mass balance for water on the green roof.  The mass balance will be 
performed using two different system boundaries.  One isolates the inputs/outputs into five 
individual variables.  These variables are precipitation, irrigation, evapotranspiration, filtrate and 
media storage.  The formula is as follows: 
P + I – ET – F = Ms             
Where:  P = Precipitation 
              I = Irrigation 
              ET = Evapotranspiration 
              F = Green Roof Filtrate 
              Ms = Green Roof Media Storage 
Precipitation is the volume of rainfall onto an area.  Irrigation is defined as the volume of water 
that is added to the green roof twice a week and will total 1 inch per week for regular irrigation 
and 2 inches per week for over irrigation.  Evapotranspiration is the volume of water lost into the 
atmosphere through both plant respiration and soil evaporation.  Green roof filtrate represents the 
volume of water the leaves the green roof after a precipitation and/or irrigation event.  Green 
roof media storage is the volume of water stored within the plants and the growing media.   
Another water balance is performed using the second system boundaries that also isolate 
inputs/outputs, which are as follows:  precipitation, supplementary water source, 
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evapotranspiration, overflow and storage.  The storage represents the volume of water stored by 
the media and plants as well as the water stored in the cistern.  The formula is as follows:  
P + Z – ET – O = Ms + S 
Where:  Z = Supplementary Water Source  
              O = Cistern Overflow 




Figure 1: Green Roof System Boundaries 
In Table 2 data are presented on the average values of these parameters.  The 
precipitation and evapotranspiration values will vary with season, which suggests that either a 
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yearly average was used, or, no value was indicated.  Green roof filtrate volumes will vary with 
the intensity and duration of a given storm event, therefore there is no value given for this 
parameter.  The irrigation value will total 1 inch per week for regular irrigation and 2 inches per 
week for over irrigation.  Since the roof is being irrigated, the value for storage should remain 
relatively constant. 
 
Table 2: Water Budget Parameters 
Parameter Anticipated value 
P [gal] 62.51¥ 
I [gal] 1 in/week or 2 in/week 
ET [gal] 0.14¤ 
Z [gal] Will vary with storm event 
O [gal] - 
Ms [gal] - 
F [gal] Will vary with storm event 
S [gal] - 
 www.cityoforlando.net/public_works/stormwater/
¥ Based on 2004 data 
¤ Monthly average 
 
In this research, experimental chambers were studied that simulate a full size green roof 
and control roof.  There are a total of 18 experimental chambers used to study the effect of the 
changing of certain variables.  The overall design of the green roof is being held constant along 
with the following materials: the insulation, the waterproof membrane, the protection layer, the 
drainage media, the separation fabric and the plant selection.  Included in the variables are the 
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growing media type, the irrigation quantity and the use of plants.  Every experiment conducted 
was replicated once to help reduce experimental errors.   
There are two 16 ft2 control chambers that will be constructed as conventional roofs for 
comparison purposes.  There are eight 16 ft2 chambers that contain just media and no plants, 
which are irrigated with two different irrigation quantities and two different growing media 
mixes.  There are four 16 ft2 chambers that will be planted and contain one type of the growing 
media mix irrigated with two different irrigation régimes.  There are four 16 ft2 chambers planted 
that contain the other growing media mix and these chambers are irrigated with two different 
irrigation quantities.  See Figure 2 for a schematic of the experimental design which allows for 
not only quantification of the infiltration processes of the two growing media mixes, but also the 
biological nutrient removal processes of the plants, as well as the green roofs ability to force high 
evapotranspiration rates. 
There are two different types of growing media mixes being tested in this experiment.  
The bases for the first and second mixes are inorganic, expanded clay and recycled tire crumb, 
respectively.  The expanded clay-based media consists of 60% expanded clay, 15% peat moss, 
15% perlite and 10% vermiculite.  The expanded clay has high water holding capacity due to the 
large amount of void spaces.  There are eight chambers containing the expanded clay mix.    
The tire crumb-based media, Black & GoldTM growing media, consists of 40% tire 
crumb, 20% expanded clay, 15% peat moss, 15% perlite and 10% vermiculite.  The tire crumb is 
finely ground up so it has a high surface area-to-volume ratio and will therefore adsorb pollutants 
to its surface.  The peat moss functions as a source of organics for the plants, and the perlite and 
vermiculite help to reduce void spaces in the media.  A total of eight chambers contain the Black 




Figure 2: Experimental Design 
Where:  
NM = No Media     V = Vegetation 
 B&G = Black & GoldTM growing media mix NV = No Vegetation   
 EC = Expanded Clay Mix     
 NI = No Irrigation 
 RI = Regular Irrigation 
 OI = Over Irrigation 
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Statement of Hypothesis 
 
A green roof stormwater treatment system that is irrigated with recycled stormwater 
runoff will reduce the volume of runoff and improve the water quality of the stormwater runoff 
by reducing the concentration and mass of pollutants through both biological and infiltration 
processes.  The cistern component of the green roof stormwater treatment system will further 
reduce the volume of runoff leaving the roof and may create an anaerobic zone to achieve 
denitrification.  Furthermore the use of recycled tire-crumb as a growing media constituent will 
further reduce the amount of pollutants leaving the system through adsorption.   
 
List of Expected Contributions 
 
With the success of this research, given to developers are new options for on-site 
stormwater treatment and pollution source control.  The current green roof design does not call 
for irrigation of the roof and a cistern to store the filtrate for irrigation and creation of an 
anaerobic zone.  It does, however, require the selection of drought tolerant plants in order to 
make irrigation unnecessary.  Green roof irrigation will shift the plant selection criteria from 
drought-tolerant to the ability to remove pollutants or some other beneficial function (i.e. water 
retention or nutrient-removal capabilities). 
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  The use of an irrigated green roof with a cistern that uses stormwater runoff for 
irrigation, a green roof stormwater treatment system, also provides a way to treat stormwater 
runoff generated at other locations, such as parking lots or roads, as well as offer a treatment 
option for a previously polluted body of water.  This also increases evapotranspiration rates and 
the water storage of the system, which greatly reduces the volume of stormwater runoff leaving a 
developed site. 
This work will also provide a model that can be used to size a cistern for a green roof 
stormwater treatment system based on a desired efficiency.  This tool will be valuable for 
designers who might need the green roof to have a minimum efficiency.  The model will also be 
able to incorporate additional impervious areas as a source of supplemental irrigation water and 
additional pervious areas able to be irrigated.  This will allow for a green roof stormwater 
treatment system to be integrated into an overall stormwater management plan for a site. 
Also included in this research is an overall water quality analysis and water budget of a 
functioning green roof stormwater treatment system being irrigated with recycled stormwater 
runoff, the parameters of these data are listed in Tables 1 and 2.  The effects of plants/no plants, 
different growing media composites and different irrigation rates on the water quality, 
evapotranspiration rates and filtrate factor was studied.  Shown in this research are the best 
combination of irrigation rates, use of plants and media composite selection required in order to 
achieve the best water quality and runoff reduction. 
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CHAPTER THREE: APPROACH AND EXPERIMENT DESIGN 
Approach 
 
An irrigated green roof in Central Florida was studied in order to quantify the water 
quality and quantity of the runoff leaving the roof.  The water quality and quantity parameters of 
interest are those listed in Tables 1 and 2.  There were 18 experimental green roof chambers built 
to model the 1600 ft2 green roof system which is located on the Student Union building at the 
University of Central Florida.  These chambers were located at the Universities stormwater 
laboratory and used to isolate certain variables of interest.  There were eighteen green roof 
chambers with an area of 16 ft2.  The overall green roof design used to construct the 1600 ft2 
green roof was held constant in all of the chambers.  This includes the use of insulation with an R 
(insulation efficiency) value of 19, which is installed directly on the roof structure.  The same 
waterproof membrane was used, which acts as both a root barrier and a waterproofing layer, and 
was installed over the insulation.  The same protection layer (which is a three-layer fabric with a 
plastic mesh in the middle) was also used to protect the waterproofing membrane against being 
punctured or damaged.  This protection layer is installed directly on top of the waterproofing 
layer.   
The drainage media used was also consistent with that used for the full size roof, not just 
in material type but also at the same depth of 2 inches.  The drainage media, which is installed 
directly onto the protection layer, creates additional pore space allowing water to flow more 
freely to the point of discharge while keeping a low flow rate.  The same separation fabric, which 
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is installed directly on top of the drainage media, was also used.  The purpose of the separation 
fabric is to keep the fine particles associated with the growing media out of the drainage media 
and prevent clogging.   
The species of plants, which also were held constant for this experiment, include; 
Helianthus debilis (Dune sunflower), Gaillardia pulchella or aristata (Blanket flower), Lonicera 
sempervirens (Coral honeysuckle), Myricanthes fragrans (Simpson's stopper), Clytostoma 
callistegioides (Argentine trumpet vine), Tecomeria capensis (Cape honeysuckle), 
Trachelospermum jasminoides (Confederate jasmine).  The plants were selected based on 
hardiness, drought tolerance, the aesthetically pleasing aspects of the plant and whether or not 
they are native to Florida.  The first four plant species are Florida natives while the last three are 
not. 
There were two different types of growing media mixes studied; an expanded clay mix 
and a tire crumb mix (Black & GoldTM).  It should be noted at this time that the experimental 
chambers with the tire crumb mix were notated as both T and B&G.  The expanded clay mix 
consists of 60% expanded clay, 15% peat moss, 15% perlite and 10% vermiculite.  The tire 
crumb mix consists of 40% tire crumb from recycled automobile tires, 20% expanded clay, 15% 
peat moss, 15% perlite and 10% vermiculite.  All of the preceding percentages are percent by 
volume. 
The 1600 ft2 green roof located on the University of Central Florida’s Student Union 
building consists of a 4-6 inch deep growing media made up of the expanded clay composite 
mix, and is irrigated twice a week totaling 1 inch of water per week.  The growing media, use of 
plants and irrigation rates are the variables of interest for this project. 
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Two different irrigation rates were studied to determine the effects on both water quality 
and quantity.  The two different irrigation rates used for this experiment are regular irrigation and 
over irrigation.  The regular irrigation consisted of two weekly irrigation events that totaled 1.0 
inch of water per week while over irrigation consisted of two weekly irrigation events that 
totaled 2.0 inches of water per week.  Irrigation occurred whenever the precipitation for the last 
24 hours was less than the volume to be irrigated. 
The added benefit of the biological processes associated with the use of plants was also 
examined.  This was determined by constructing some of the chambers with only growing media 
and no plants and some with both growing media and plants.  The purpose of this aspect of the 
experiment is to qualify which set-up (plants or no plants, regular irrigation vs. over-irrigation, 




The water budget done on the green roof stormwater treatment system allows for 
calculation of evapotranspiration and the filtrate factor while providing the basis for the 
development of the green roof model.  The procedures for the water budget are presented in 
Appendix I while results from this analysis are presented in the results chapter of this work. 
 There were nine different experiments run and several controls, with a total of 18 
chambers built at the stormwater lab.  Each experiment was replicated once for statistical 
analysis and quality control.  There were two 16 ft2 control chambers modeled after the 
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previously mentioned 1600 ft2 control roof on the UCF Student Union Building.  These control 
chambers provided the basis for comparison of the green roof chambers in contrast with the 
control chambers for both water quality and quantity. 
The experiment was run for one year with water budget measurements preformed twice 
per week and water quality sampling taking place one time per week throughout the duration.  
The green roof chambers were irrigated twice per week for a total volume of water equal to 1.0 
inch for regular irrigation and 2.0 inches over irrigation.  All of the green roof chambers were 
sampled and tested weekly for all of the parameters in Table 1 (except TKN, which was tested 
about once per month).  The parameters in Table 2 were measured on a continual basis with a 
weather station and physical measurements to record data for the water budget for both of the 
system boundaries identified in Figure 2.    
There are a myriad of methods for measuring the parameters of interest.  This paragraph, 
and the three that follow, discuss the methods used to measure these parameters.  The procedure 
for all the water quality parameters can be found in Appendix I.  Total phosphorus is measured 
by digesting all the inorganic polyphosphates and organic phosphorus into ortho-phosphorous, 
which is simple to measure, and then using a colorimetric method (Hach method) with standards 
to determine the concentration of the sample.  The digestion method used for total phosphorus 
was the ascorbic acid method.  Ortho-phosphorous was directly measured using the 
aforementioned colorimetric Hach method with a standard curve.   
Several nitrogen species were also measured.  Total nitrogen was not measured directly 
but by summing up the different nitrogen species, TKN and nitrate + nitrite.  Nitrate was 
measured using the Hach method, which is based on the cadmium-reduction method presented in 
Standard Methods.  The ammonia nitrogen was measured using the ammonia-selective electrode 
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method.  The total Kjeldahl nitrogen was measured using the Kjeldahl method.  This method 
measures nitrogen as ammonia in two phases.  First, the inorganic ammonia is evaporated into a 
collection flask which is then titrated to the end point.  Then, the remaining organic is digested in 
a strong oxidizing environment, reducing the organics to ammonia, which is then evaporated into 
a collection flask and titrated to the end point.  The final values for all the nitrogen species are 
given as milligrams of nitrogen per liter. 
The total solids of a sample, which is the sum of the total suspended solids and the total 
dissolved solids, are determined by evaporating a known volume of sample in a crucible and 
weighing the remaining solids.  The total suspended solids are determined directly by filtering a 
known volume of sample, drying the filter and crucible and weighing the solids.  The dissolved 
solids are determined directly by evaporating a known volume of the filtrate from the suspended 
solids sample and then weighing the solids.  The solids results are presented in milligrams per 
liter. 
The pH was measured using a pH probe, which measures the concentration of H+ ions in 
the solution.  The alkalinity was measured by titration of the sample with 0.02 N sulfuric acid 
down to a pH of 4.3.  The alkalinity is presented in terms of calcium carbonate. 
The procedures for all of the previously mentioned water quality methods are presented in 
Appendix I.  The results of these measurements were compiled into a single spreadsheet for ease 
of data analysis and comparison.  With the data gathered from this experiment, engineers in the 
field will be able to implement irrigated green roof systems into everyday commercial and 
residential construction in order to treat, store and recycle stormwater.  This will reduce the 
pollutant loading and volume of water associated with stormwater runoff from impervious, urban 
areas, resulting in improved surface water quality.
 41
 
CHAPTER FOUR: RESULTS AND DISCUSSION 
Results 
Green Roof Model Development 
Green roof stormwater treatment systems are an acceptable way to treat and store 
stormwater.  Modern green roofs have been around for three decades or more in Europe.  Despite 
this longevity there have been little or no equations developed for the design of cisterns intended 
to store green roof runoff for irrigation.  There have been models developed to predict the runoff 
from a green roof using historical precipitation and evapotranspiration data.  Hoffman (2006) and 
Miller (2000 & 2006) have both developed models for the purpose of green roof stormwater 
retention, but did not include the addition of a cistern to store and reuse stormwater for green 
roof irrigation.  Both Hoffman (2006) and Miller (2000 & 2006) have identified the important 
factors that determine green roof efficiency without a cistern.  These factors are soil moisture, 
soil water holding capacity, plant water holding capacity, precipitation, evapotranspiration, 
temperature, and humidity to name a few.  While Miller (2000 & 2006) discusses the different 
approaches used to develop a green roof model he uses a modified groundwater modeling 
program for the development of the model.  The models proposed by Hoffman (2006) and Miller 
(2000 & 2006) are a representation of the actual findings from several working green roofs.  
However, the mass balance across the green roof boundary may not be preserved resulting in a 
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possible illogical model.  Further, by using groundwater modeling variables that are not easy to 
measure or describe with equations probably introduces more error into the model rather than the 
desired result of a fine tuned model.  Within this work, presented is the development of a logical 
model using a mass balance approach with a couple of basic and reasonable assumptions. 
Similar to the design of a reuse pond, a mass balance approach can be used for the design of a 
green roof stormwater treatment system.  To design a green roof stormwater treatment system 
you must first know how it works (see Figure 3).  The main system inputs and outputs are 




Figure 3: Green Roof Stormwater Treatment System Boundaries 
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The variables of Figure 3 are as follows: 
 MS = Media storage [in/ft2 of green roof] 
 P = Precipitation [in/ft2 of green roof*time] 
 I = Irrigation [in/ft2 of green roof*time] 
 ET = Evapotranspiration [in/ft2 of green roof*time] 
 F = Filtrate [in/ft2 of green roof*time] 
 S = Cistern storage [in/ft2 of green roof] 
 Z = Makeup Water [in/ft2 of green roof*time] 
 O = Overflow [in/ft2 of green roof*time] 
 
The main factors that influence the cistern water level are the filtrate from the green roof, 
the irrigation rate, the rate at which makeup water is added, and the overflow rate.  The overflow 
rate will be a function of the maximum cistern storage volume and the rate at which makeup 
water is added will be a function of available storage water and irrigation rate.  The irrigation 
rate is not to exceed 1 inch per week (St. John’s Water Management District) in the summer 
months and ½ that for the winter months.  It should be noted that irrigation will not occur if, in 
the twenty four hours previous to the irrigation event, the precipitation volume is greater than or 
equal to the irrigation volume.  From this it can be seen that filtrate from the green roof is the 
only variable that is not known. 
Isolating the green roof stormwater treatment system into mass balances as shown in 
Figure 3 is necessary in order to determine the filtrate, or the filtrate coefficient.  Using the 
system boundaries for system one in Figure 3, an expression for the filtrate factor as it varies 
with soil conditions, precipitation, evapotranspiration, and irrigation amount can be derived. 
dMS/dt = P + I – ET – F  
When the time step is small the following simplification can be made: 
∆MS/∆t = P + I – ET – F 
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This equation is in terms of volume per unit time and needs to be multiplied through by the time 
step to get volume. 
∆MS = ∆t*(P + I – ET – F) 
This equation then simplifies as follows: 
MS1 + P’ + I’ – ET’ – F’ = MS2
where the prime nomenclature is indicative of volume.  Solving for the filtrate gives: 
F’ = MS1 – MS2 + P’ + I’ – ET’ 
But F’ = f(P’ + I’) & 0 < f < 1 
Where:  
 f = Filtrate coefficient, the fractional volume of precipitation and irrigation which 
becomes filtrate 
Therefore, 
f = (MS1 – MS2 + P’ + I’ – ET’)/(P’ + I’)  (equation 1) 
 
It should be noted at this time that all the variables are volume terms expressed in inches over the 
green roof area.  It can be seen from equation 1 that the filtrate will vary depending on the soil 
conditions and therefore with time.  Since green roofs need to be irrigated more frequently when 
first installed to ensure the health of the plants (FLL, 2002) the assumption that the initial soil 
storage is equal to the soil saturation is made.  All other variables needed to solve this equation 
are known with the exception of the final soil storage and the filtrate coefficient.   
To solve for the filtrate coefficient several more assumptions must be made.  First, 
precipitation and irrigation contribute to the soil storage up until the point of saturation.  For this 
equation, assume that media saturation is at a volume of 20% of the growing media depth.  Also, 
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assume that any precipitation and irrigation past the point of saturation will contribute to runoff 
giving the equation F’ = P’ + I’ or the filtrate equals input for any additional water past the 
saturation point of the soil.  Therefore, for saturated conditions the equation that describes the 
term MS2 is as follows: 
MS2 = MSsat – ET’    (equation 2) 
That is, whenever runoff occurs, equation 2 is used to determine the soil storage at the end of the 
time step.  If runoff does not occur, or the soil does not get saturated, then the soil storage at the 
end of the time step can be found from the following equation: 
MS2 = MS1 + P’ + I’ – ET’   (equation 3) 
Using these assumptions every variable in equation 1 is known except for the filtrate coefficient.  
From this information “f” can be solved for any location provided average monthly ET data and 
daily precipitation data are available. 
Now that the filtrate has been quantified an equation needs to be developed that describes 
how the cistern behaves.  An equation for the change in soil storage between times 1 and 2 needs 
to be developed using the first system boundaries from Figure 3.  Rearranging equation one 
gives: 
(MS1 – MS2) = ET’ + f(P’ + I’) – P’ – I’  (equation 4) 
Next, using the second system boundaries in Figure 3, an equation is developed to describe the 
overall system.  The equation for this system is as follows:   
d(S + MS)/dt = P + Z – ET – O 
Assuming a finite time step and converting to volume terms gives: 
 ∆(S + MS)/∆t = P + Z – ET – O 
∆(S + MS) = ∆t*(P + Z – ET – O) 
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This equation further simplifies to: 
 ∆(S + MS) = P’ + Z’ – ET’ – O’ 
S1 + (MS1 – MS2) + Z’ + P’ – O’ – ET’ = S2   (equation 5) 
Finally, an equation needs to be developed for the cistern.  This can be done by combining 
equations 4 and 5 to give: 
S1 + f(P’ + I’) – I’ + Z’ – O’ = S2   (equation 6) 
This equation describes how the water level in the cistern fluctuates over time.  Using the 
equations previously developed, equations 1, 2, 3, and 6, a green roof model can be made.  The 
equation developed to solve for the filtrate coefficient, equation 1, needs to be solved 
simultaneously with equation 6 using the entire record of daily precipitation data and monthly 
average evapotranspiration data for a one day time step.  The purpose of using the entire 
precipitation record is to reduce the introduction of error into the model due to the variability of 
yearly precipitation for any given area.  The equations that describe the soil storage potential, 
equations 2 and 3, are to be used as stipulations that depend on the current conditions of the 
system.   
Operating assumptions for the cistern need to be made, the first is that the initial storage 
volume of the cistern is equal to the irrigation volume.  This is done so as to provide sufficient 
water to perform the initial irrigation.  If the cistern storage is less than the irrigation volume, and 
irrigation is to occur, then makeup water is added.  The amount of makeup water added is equal 
to the difference of the irrigation volume and the current cistern storage volume.  In addition, if 
the volume of filtrate plus the initial volume of the cistern is greater than the maximum storage 
capacity of the cistern, then overflow occurs.  The volume of overflow is equal to the difference 
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between the beginning period cistern volume plus the filtrate in that period and the maximum 
cistern storage capacity.  
From the above mentioned equations and assumptions a logical green roof model was 
developed using a mass balance approach.  With this model, a green roof and cistern system can 
be designed to achieve a desired efficiency.  The efficiency is defined as the volume of 
stormwater retained divided by the volume of precipitation.   
Efficiency = [1 – (O/P)]*100% 
Design curves developed using these equations are presented in Appendix A of this paper.  
Presented in Table 3 is a summary of efficiencies for different cistern storage volumes and 
locations in the state of Florida.  
Table 3: Summary of hydrologic efficiencies for different cistern storage volumes and locations 
in Florida 
Cistern Storage Volume [in/sf of GR] 
Location 
0 1 2 3 4 5 
Belle Glade 0.5 0.72 0.8 0.84 0.87 0.89 
Boca Raton 0.42 0.61 0.69 0.73 0.77 0.79 
Brooksville 0.45 0.66 0.74 0.78 0.81 0.83 
Daytona Beach 0.42 0.66 0.74 0.79 0.82 0.85 
Ft. Myers 0.44 0.65 0.72 0.76 0.79 0.81 
Gainesville 0.42 0.67 0.76 0.8 0.83 0.86 
Homestead 0.44 0.64 0.71 0.75 0.77 0.79 
Jacksonville 0.4 0.65 0.73 0.77 0.8 0.82 
Key West 0.51 0.72 0.8 0.85 0.88 0.9 
Lakeland 0.42 0.67 0.75 0.8 0.83 0.85 
Miami 0.42 0.63 0.69 0.73 0.76 0.78 
Niceville 0.33 0.57 0.65 0.69 0.71 0.73 
Orlando 0.43 0.69 0.78 0.82 0.85 0.87 
Panama City 0.33 0.57 0.66 0.7 0.73 0.76 
Tallahassee 0.35 0.58 0.66 0.7 0.72 0.74 
Tampa 0.44 0.69 0.77 0.82 0.84 0.86 
Venice 0.47 0.7 0.78 0.83 0.86 0.88 
West Palm 0.42 0.62 0.69 0.73 0.76 0.78 
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From Table 3 and the design curves in Appendix A it can be determined that the main 
factors that affect the efficiency of the system are precipitation, evapotranspiration, and cistern 
storage volume.  Lower precipitation and higher evapotranspiration produces a higher efficiency 
green roof stormwater treatment system, while the converse yields a lower efficiency for the 
system.  Also from Table 3, it is noted that the roof runoff without a cistern can be reduced by 
about 33% - 51%.  If the no cistern option is used, there are more pollutants from the green roof 
than from the control roof and an additional stormwater management technique will need to be 
used to meet TMDL standards.  Another way to increase the efficiency of the system is to 
irrigate additional areas, such as ground level landscaping. 
Water Budget 
The use of green roofs in urban environments is a valuable tool to mitigate the loss of the 
preconditions water budget.  This is done by increasing the pervious areas on developed lands 
allowing for more evapotranspiration and stormwater storage.  The results of the year long water 
budget experiment, preformed on the eighteen green roof chambers, are presented in this section.  
Monthly average evapotranspiration and filtrate factors are presented in Table 4 and Table 5, 
respectively, for each experiment.  From examination of Table 4 it can be seen that the 
evapotranspiration rates for all chambers with media are higher in the summer months and lower 
in the winter months.  This is expected since plant growth in the summer months is more 
vigorous.  Examination of the cumulative evapotranspiration verses time charts in Appendix B 
confirms this trend examined in Table 4.  In Table 5, the filtrate factor is shown to actually 
increase during the winter months and decrease during the summer months.  Since irrigation 
 49
rates are held constant all year, the chambers get the same amount of irrigation water while the 
precipitation is much higher in the summer months.  The data of Table 5 also shows that while 
there is less water added to the chambers there is still more filtrate coming from the green roof 
chambers in the winter months.  Tables 4 and 5 also show the significance of vegetation on water 
















Table 4: ET Monthly Average Comparison 
ET Monthly Average Comparison of all the Chambers [in/day] 
Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2
Jul-05 0.26 0.25 0.24 0.24 0.22 0.21 0.02 0.00 0.14 0.13 0.14 0.15 0.14 0.13 0.17 0.17 0.17 0.16 
Aug-05 0.20 0.22 0.17 0.18 0.17 0.17 0.00 0.02 0.16 0.16 0.15 0.15 0.14 0.14 0.14 0.14 0.14 0.14 
Sep-05 0.18 0.22 0.16 0.17 0.14 0.14 0.00 0.00 0.12 0.13 0.10 0.10 0.09 0.09 0.17 0.15 0.14 0.13 
Oct-05 0.11 0.14 0.10 0.10 0.09 0.10 0.00 0.01 0.09 0.09 0.07 0.08 0.07 0.08 0.11 0.13 0.10 0.09 
Nov-05 0.10 0.10 0.08 0.09 0.09 0.09 0.00 0.00 0.07 0.08 0.07 0.08 0.08 0.07 0.11 0.11 0.09 0.09 
Dec-05 0.09 0.09 0.08 0.09 0.09 0.08 0.00 0.00 0.07 0.08 0.08 0.08 0.07 0.07 0.09 0.09 0.08 0.08 
Jan-06 0.10 0.09 0.08 0.09 0.09 0.09 0.00 0.01 0.09 0.08 0.08 0.08 0.08 0.08 0.11 0.10 0.09 0.10 
Feb-06 0.11 0.10 0.08 0.12 0.11 0.12 0.00 0.00 0.09 0.10 0.09 0.09 0.09 0.09 0.12 0.10 0.10 0.10 
Mar-06 0.13 0.14 0.12 0.13 0.15 0.15 0.00 0.00 0.11 0.12 0.11 0.11 0.11 0.11 0.14 0.13 0.12 0.12 
Apr-06 0.17 0.19 0.13 0.16 0.16 0.17 0.00 0.00 0.13 0.13 0.12 0.12 0.12 0.12 0.17 0.16 0.15 0.14 
May-06 0.16 0.18 0.14 0.15 0.13 0.14 0.00 0.02 0.11 0.12 0.11 0.12 0.10 0.10 0.16 0.15 0.13 0.13 
Jun-06 0.20 0.20 0.18 0.19 0.17 0.18 0.00 0.03 0.16 0.15 0.16 0.16 0.14 0.14 0.17 0.18 0.17 0.17 
 
Table 5: f Factor Monthly Average Comparison 
f Factor Monthly Average Comparison of all the Chambers 
Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2
Jul-05 0.54 0.53 0.42 0.38 0.61 0.61 0.96 0.91 0.50 0.50 0.70 0.67 0.50 0.53 0.64 0.65 0.52 0.56 
Aug-05 0.46 0.41 0.24 0.21 0.52 0.51 0.94 0.88 0.35 0.27 0.67 0.65 0.39 0.40 0.62 0.62 0.39 0.40 
Sep-05 0.58 0.50 0.44 0.41 0.69 0.68 0.98 1.01 0.50 0.55 0.70 0.68 0.56 0.56 0.63 0.68 0.52 0.55 
Oct-05 0.71 0.68 0.60 0.55 0.75 0.74 0.97 0.94 0.60 0.61 0.81 0.79 0.67 0.64 0.71 0.71 0.55 0.59 
Nov-05 0.67 0.65 0.46 0.40 0.70 0.69 0.94 0.78 0.49 0.45 0.76 0.74 0.51 0.52 0.62 0.63 0.40 0.38 
Dec-05 0.74 0.72 0.59 0.54 0.74 0.75 0.98 0.82 0.61 0.57 0.77 0.77 0.61 0.61 0.73 0.73 0.58 0.57 
Jan-06 0.70 0.70 0.49 0.49 0.72 0.72 0.86 0.71 0.47 0.49 0.75 0.73 0.52 0.51 0.65 0.67 0.45 0.42 
Feb-06 0.65 0.68 0.51 0.42 0.68 0.67 0.98 0.87 0.46 0.45 0.72 0.70 0.48 0.49 0.62 0.67 0.45 0.44 
Mar-06 0.54 0.51 0.19 0.15 0.49 0.48 - - 0.24 0.21 0.62 0.60 0.25 0.26 0.54 0.54 0.19 0.17 
Apr-06 0.47 0.41 0.25 0.10 0.50 0.46 0.97 0.83 0.26 0.21 0.62 0.60 0.28 0.28 0.49 0.50 0.14 0.16 
May-06 0.50 0.45 0.26 0.20 0.58 0.57 0.99 0.81 0.37 0.36 0.66 0.64 0.41 0.43 0.52 0.54 0.27 0.30 
Jun-06 0.56 0.57 0.42 0.37 0.62 0.62 0.99 0.84 0.48 0.52 0.65 0.65 0.55 0.56 0.62 0.61 0.44 0.47 
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Hydrograph analysis results are presented in Appendix B and show that both the addition 
of media and vegetation will result in a reduced peak flow and an increased time to peak when 
compared to the control chambers.  The peak flow for the vegetated and non-vegetated chambers 
was approximately half of that for the control chambers.  Figure 4 below is the control chamber 
hydrograph which has an input rate of 6 inches per hour for a 10 minute duration.  This translates 
to a volume of 37.71 liters of which 36.51 liters were collected.  Figure 5 below shows the 
vegetated expanded clay chamber hydrograph which has the same input as the control chamber 
discussed above.  The filtrate collected was 16.8 liters of the 37.71 liters applied to the chamber 
giving a filtrate factor of about 0.45.  The hydrograph analysis shows a green roof’s ability to 
























Figure 4: Control Roof Hydrograph 
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Figure 5: Vegetated, Expanded Clay Hydrograph
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Irrigation Rates per Week 
 Based on the hypothesis testing statistics presented in Appendix C the irrigation rates per 
week had no significant affect on the evapotranspiration rates, α = 0.05.  It should be noted that 
this conclusion is due to the fact that some, not all, of the experimental chambers accepted the 
null hypothesis.  The z scores were however, high for over irrigation suggesting that 
evapotranspiration rates are higher just not significantly higher.   
 The results from the hypothesis testing on the filtrate factor, which appears in Appendix 
C, show that the irrigation regime does have a significant effect, α = 0.05.  That is, the filtrate 
factor is higher for over irrigation and lower for regular irrigation.  This shows that the higher the 
soil moisture the higher the filtrate factor, which means that the green roof will have larger 
filtrate volumes if the soil moisture is kept relatively wet during most of the year.   
Vegetated vs. Non-vegetated 
 The use of vegetation to increase evapotranspiration rates and decrease the filtrate factor 
was also examined.  From the hypothesis tests presented in Appendix C it is shown that 
vegetation significantly increases evapotranspiration rates, α = 0.05.  All the null hypotheses 
were rejected except one, but that one had a large positive z score.  It should be noted that the 
one accepted hypothesis test would also be rejected if using a lower α.  All eight of the 
hypothesis tests suggest that all chambers with vegetation have higher evapotranspiration rates 
than chambers without vegetation.   
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 The hypothesis tests in Appendix C also shows that vegetation significantly lowers the 
filtrate factor, α = 0.05.  All the null hypotheses for this test were rejected except one, but that 
one had a large negative z score.  All eight of the hypothesis tests suggest that all chambers with 
vegetation have lower filtrate factor than chambers without vegetation.  The overall results for 
this set of hypothesis tests show that vegetation increases both evapotranspiration rates and 
filtrate factor. 
Media Types 
 The choice of media types between the Black & GoldTM mix and the expanded clay mix 
has no significant affect on evapotranspiration rates, α = 0.05.  While five of the hypothesis tests 
rejected the null hypothesis, three did not.  It should be noted, however, all z scores were large 
positive numbers indicating that the Black & GoldTM mix did increase the evapotranspiration 
rates, just not significantly. 
 The filtrate factor also is not affected by the media selection, α = 0.05.  Only three of the 
eight chambers rejected the null hypothesis, although, all but one chamber had a rather large 
negative z score.  This indicates that the Black & GoldTM mix did reduce the filtrate factor when 
compared to the expanded clay mix, just not a statistically significant reduction.   
Water Quality 
 The use of a green roof for the improvement of stormwater runoff quality is examined in 
this study.  The results for the water quality analysis are presented in Appendix E.  The tables in 
Appendix E show the average, standard deviation, and number of sampling events for each water 
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quality parameter and chamber.  Also shown in these tables are the relative percent difference of 
each of the duplicate chambers and the relative percent difference between each chamber and the 
control chamber.  As expected, there was no temperature differential among the chambers, and 
thus fewer measurements were recorded after this was obvious.  However, it was postulated that 
the Black & GoldTM media may have a higher temperature.  Appendix E also shows graphically 
the average concentration of each chamber and the mass that leaves the system for each chamber.  
This is done for each water quality parameter.  The mass out of the system was calculated based 
on average concentration and total volume of cistern overflow.  From the average concentration 
graphs presented in Appendix E it can be seen that, with the exception of nitrate and ammonia, 
all the chambers have either comparable or higher concentrations than the control chambers.  
However, from the mass comparison graphs in Appendix E, chambers with media or media and 
plants have lower mass leaving than a control chamber.  This reduction is seen with all water 
quality parameters except total dissolved solids, total solids, and alkalinity.  Figure 6 and Figure 
7 shows the nitrate concentration and mass comparisons, respectively and Table 6 shows the 
nitrate hypothesis tests.  Hypothesis test results for the water quality data is presented in 








































































































































Table 6: Nitrate Concentration Hypothesis Tests 
NOx Hypothesis Tests 
HO1 Media and vegetation are held constant, NOx Concentration for Over irrigation = NOx Concentration for Regular irrigation 
Ha1 Media and vegetation are held constant, NOx Concentration for Over irrigation < NOx Concentration for Regular irrigation      
HO2 Media and irrigation rates are held constant, NOx Concentration for Vegetated boxes = NOx Concentration for Non Vegetated boxes     
Ha2 Media and irrigation rates are held constant, NOx Concentration for Vegetated boxes < NOx Concentration for Non Vegetated boxes     
HO3 Irrigation rates and vegetation are held constant, NOx Concentration for Black & Gold = NOx Concentration for Expanded Clay      
Ha3 Irrigation rates and vegetation are held constant, NOx Concentration for Black & Gold < NOx Concentration for Expanded Clay      
HO4 NOx for a vegetated box = NOx for a control box             
Ha4 NOx for a vegetated box < NOx for a control box             
HO5 NOx for a non-vegetated box = NOx for a control box             
Ha5 NOx for a non-vegetated box < NOx for a control box             
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO             
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 0.11 0.11 0.12 0.11 0.10 0.10 0.32 0.35 0.10 0.10 0.14 0.13 0.11 0.12 0.11 0.13 0.11 0.12 
s 0.06 0.05 0.05 0.05 0.04 0.04 0.24 0.29 0.04 0.03 0.10 0.09 0.04 0.08 0.05 0.09 0.03 0.03 
Var 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.09 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.00 
n 37 37 35 36 34 36 28 28 37 36 37 38 33 35 42 42 36 35 
z1 -0.414 -0.473   -0.288 0.035     1.580 0.049   -0.111 0.772   
HO1 A A   A A     A A   A A   
z2 1.437 0.951 1.807 1.586           -1.351 0.239 0.558 -0.386 
HO2 A A R A           A A A A 
z3 0.204 -1.317 0.674 -0.441 -2.172 -1.683   -0.799 -1.796         
HO3 A A A A R R   A R         
z4 -4.362 -4.294 -4.266 -4.194           -4.457 -3.852 -4.463 -4.149 
HO4 R R R R           R R R R 
z5     -4.785 -4.497   -4.725 -4.509 -3.715 -3.921 -4.551 -3.957     
HO5     R R   R R R R R R     
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Irrigation Rates per Week 
 The affect of irrigation amount on green roof cistern water quality was examined to 
determine the benefit, if any.  From the hypothesis testing statistics in Appendix F it can be seen 
that irrigation amount had no significant affect, α = 0.05, on any water quality parameter.  The 
results of the hypothesis tests show that a majority, fifty three out of eighty, of the null 
hypotheses were accepted and when the null hypothesis was not accepted the rejection rate was 
not consistent. 
Vegetated vs. Non-vegetated 
 The affect of vegetation on the cistern water quality was also studied.  Based on the 
hypothesis test statistics presented in Appendix F it can be seen that for pH, alkalinity, total 
solids, total dissolved solids, turbidity, total phosphorus, and ortho-phosphorus, vegetation 
makes a significant difference, α = 0.05.  There is no significant difference, α = 0.05, in the other 
water quality parameters due to acceptance of the null hypothesis, or inconsistent rejection of the 
null hypothesis.   
Media Types 
 There were two different growing media examined for water quality, Black & GoldTM 
and an expanded clay mix.  Both media had the same components with the exception of the 
Black & GoldTM which had an addition of recycled ground up automobile tires.  Hypothesis tests 
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which examine the affect of growing media selection on different water quality parameters are 
presented in Appendix F.  From these hypothesis test statistics it can be seen that growing media 
selection significantly affects, α = 0.05, the following water quality parameters: pH, alkalinity, 
total solids, total dissolved solids, turbidity, total phosphorus and ortho-phosphorus.  There was 
no significant effect, α = 0.05, on the other water quality parameters, again due to acceptance of 
the null hypothesis or inconsistent rejection of the null hypothesis. 
Green Roof Stormwater Treatment System vs. Control Roof 
 A pertinent comparison presented is the green roof stormwater treatment system versus 
the control roof.  Tables which show the relative percent difference between each experimental 
chamber and the control chamber are presented in Appendix E.  This analysis shows that for 
each water quality parameter, there exists a significant difference between the control chambers 
and each experimental chamber, vegetated or not.  Further analysis is presented in Appendix F in 
the form of hypothesis testing.  The results for the comparisons of the vegetated chambers and 
control chambers show that most of the water quality parameters are significantly different, α = 
0.05.  The parameters that show a significant difference are pH, alkalinity, total solids, total 
dissolved solids, nitrate + nitrite, ammonia, and total phosphorus.  The following parameters 
showed no significant difference between the Black & GoldTM media and the control roof while 
showing a significant difference between the expanded clay media and the control roof.  These 
parameters are turbidity and ortho-phosphorus.  The other water quality parameters showed no 
significant difference from the control chamber concentration. 
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 The hypothesis testing for non-vegetated chambers verses control chambers shows 
similar results as above.  Specifically, pH, alkalinity, total solids, total dissolved solids, total 
nitrogen, TKN, ammonia, nitrate + nitrite, total phosphorus, and ortho-phosphorus all are 
significantly different, α = 0.05, for a chamber with growing media and no plants when 
compared with a control chamber.  The other water quality parameters show no significant 
difference from the control chambers.   
Isotherm Analysis 
The results for the nitrate isotherm are presented in Table 7.  It can be seen from this 
table that the pollution control media was not effective at removing nitrate.  It should be noted 
however that this is for the worst case scenario, a detention time of only 15 minutes.   
Table 7: Nitrate Isotherm Results 




1 0.34 0.01 
2 0.23 -0.01 
3 0.23 0.01 
 
The author suggests that the retention time under actual conditions will be closer to 24 hours or 
more, depending on the inter-event dry period.  This is because, as noted earlier, the media will 
hold a certain volume of water up to the point of saturation, when runoff occurs.  This holding 
time will depend on the frequency and volume of water input to the system. 
The results for the phosphate isotherm are presented in Figures 8 and 9.  It can be seen 
that the phosphate isotherm adequately fits both the Freundlich isotherm plot and the Langmuir 
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isotherm plot.  The Freundlich plot seems to be a better fit with an R squared value of about 0.83.  
Despite this, analysis will be presented for both the Freundlich isotherm equation and the 
Langmuir isotherm equation.   
The Freundlich isotherm equation has the following form as presented by Sawyer et al. 
(2003) and Snoeyink & Summers (1999): 
 qe = K*Ce(1/n)
 Where: 
  qe = Sorbed concentration [mass adsorbate/mass adsorbent] 
  K = Capacity adsorbent [mass adsorbate/mass adsorbent] 
  Ce = Aqueous concentration of adsorbate [mass/volume] 
n = Measure of how affinity for the adsorbate changes with changes in adsorption 
density  
The linearized form of this equation is as follows: 
 log qe = log K + (1/n)*log Ce     
Using the above linearized equation and the Freundlich isotherm plot shown in Figure 8, the 
capacity of the pollution control media can be determined.  From Figure 8, it can be seen that the 
slope is equal to 1/n and the y-intercept is equal to log K.  Solving for K gives 1.15*10-5 mg 
adsorbate/g adsorbent as the adsorbent capacity.   
To determine the life of the pollution control media, which is applied as a 2-inch layer 
under a green roof, only two factors need to be known.  These factors are the mass of the 
pollution control media and the phosphate mass loading rate.  Knowing that the density of the 
pollution control media is 33.5 lbs/cf, the mass of pollution control media for a 2-in deep, 1-
square-foot patch is 2535 grams.  Also knowing that Central Florida receives about 50 inches of 
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precipitation per year and the average concentration of phosphate coming off a roof top is about 
0.22 mg/L P (Wanielista & Hardin, 2006), the mass loading of phosphate per year is determined 






















Figure 8: Freundlich Isotherm Plot for Phosphorus 
 
The Langmuir isotherm equation has the following form as presented by Sawyer et al. 
(2003) and Snoeyink & Summers (1999): 
 qe = qm*(Kads*Ce)/(1 + Kads*Ce) 
 Where: 
  qe = Sorbed concentration [mass adsorbate/mass adsorbent] 
qm = Maximum capacity of adsorbent for adsorbate [mass adsorbate/mass 
adsorbent] 
 64
  Kads = Measure of affinity of adsorbate for adsorbent 
  Ce = Aqueous concentration of adsorbate [mass/volume] 
This equation can be linearized as follows: 
 (1/qe) = (1/(qm*Kads))*(1/Ce) + (1/qm) 
Using the above linearized form of the Langmuir isotherm equation and the Langmuir isotherm 
plot from Figure 9, the capacity of the pollution control media can be determined.  For the 
linearized form of this equation the slope is equal to 1/(qm*Kads) and the y-intercept is equal to 
1/qm.  From the equation of the best fit line in Figure 9, and the linearized form of the Langmuir 
isotherm, the maximum capacity, qm, is equal to -0.00012 mg adsorbate/g adsorbent.  This result 
shows that there is no adsorption capacity using this isotherm form.  It should be noted that this 


















Figure 9: Langmuir Isotherm Plot for Phosphorus 
 65
Discussion of Results 
Model Development 
 The development of a time-dependent mass balance model is an extremely valuable tool 
for the design of green roof stormwater treatment systems.  The model proposed uses a mass 
balance approach to describe how a cistern responds to the demands of irrigation for a green 
roof.  This model was developed for a green roof with an expanded clay mix growing media that 
is 6 inches in depth, which is the same depth used in the experimental chambers.  The roof is 
vegetated with small shrubs, flowers, and vines native to the Central Florida area. 
The model presented has two main equations which need to be solved simultaneously 
with daily precipitation data.  The irrigation rate is known and is 1 inch per week in the summer 
months and 0.5 inches per week in the winter months.  Irrigation will not occur if the 
precipitation for the 24 hours previous to the irrigation event exceeds the irrigation amount.  The 
evapotranspiration used is daily, but based on the monthly averages for the geographic region 
where the green roof is located.  The soil storage cannot exceed the volume associated with 
saturation, and when this occurs any remainder volume of water will go to filtrate.  Filtrate is 
collected in a cistern where it is stored for irrigation.  When the cistern fills up, overflow occurs, 
which is the only way the green roof stormwater treatment system will contribute to runoff (see 
Figure 10).  When the cistern storage volume is insufficient to perform irrigation, makeup water 
needs to be added.  The storage term is in units of inches on the green roof area, that is, convert 
inches of storage into feet and multiply by the green roof area to get cubic feet of storage.  It is 
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recommended that sources other than potable water should be used such as reclaimed water, grey 









Reuse Curve for Station 6628 Orlando FL 1 in































Figure 10: Example Model Output 
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Water Budget 
 The water budget parameters of concern are the monthly average evapotranspiration 
rates, monthly average filtrate factor, and overflow from the cistern.  All these parameters were 
examined for different irrigation rates, the use of vegetation, and different growing media.  The 
purpose of this is to determine how these parameters affect green roof stormwater treatment 
system design. 
 As presented in the results section, the irrigation rate had no significant effect on the 
evapotranspiration rates.  Examining the hypothesis tests in Appendix C, half of the chambers 
accepted the null hypothesis and half rejected the null hypothesis.  The range of z scores is from 
0.537 to 2.309, suggesting that the evapotranspiration rates for over-irrigation are higher than 
evapotranspiration rates for regular irrigation.  This is due possibly to the additional water 
available for evapotranspiration.  The results for the filtrate factor hypothesis tests show that 
irrigation rates have a significant affect on the filtrate leaving the roof.  All the null hypotheses 
were rejected with a significant z score.  The range of z scores are from 6.689 to 8.105, which 
shows that with higher irrigation rates on the roof, more water is returned to the cistern. 
 The use of vegetation was also examined.  As presented in the above section and in 
Appendix C, vegetation does have a significant affect on evapotranspiration rates.  All but one 
null hypothesis was rejected and all z scores were large positive numbers.  The range of z scores 
is from 1.532 to 2.861, showing that vegetation increases evapotranspiration rates.  Table 4 
shows that depending on the time of year the effect of vegetation on evapotranspiration rates will 
vary.  Specifically, vegetation has no effect on evapotranspiration rates during the winter months.  
This indicates that irrigation can be reduced during the winter months with no significant affect 
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on the vegetation.  Similar results were found for the filtrate factor.  The range of z scores is 
from -4.169 to -1.320, showing that vegetation decreases the volume of filtrate coming off a 
roof.  With closer examination of the monthly average filtrate factors presented in Table 5 above, 
it can be seen that the filtrate factor is highest during the winter months even though this is the 
dry season.  This supports the assertion made above that irrigation rates can be reduced during 
the winter months.   
 The use of different growing media was also examined.  Based on the results presented 
above and in Appendix C, it can be seen that growing media selection has a significant affect on 
evapotranspiration rates.  From the results of the hypothesis tests it can be seen that using the 
Black & GoldTM growing media will increase evapotranspiration rates.  This conclusion is due to 
the fact that five of the eight hypothesis tests were rejected with all having high positive z scores.  
The range of the z scores are from 1.179 to 2.861.  This increase in evapotranspiration rates may 
be due to the darker color of the Black & GoldTM growing media causing an increase of the soil 
temperature.  This was not measured though, and should be examined.  These results are in 
agreement with the filtrate factor results.  The results for the filtrate factor hypothesis tests show 
three of the eight tests reject the null hypothesis.  All but one z score is negative with a range of -
3.342 to 0.508.  These results suggest that filtrate factors for the Black & GoldTM growing media 
are lower than for the expanded clay growing media, but not at a statistically significant level. 
Water Quality 
 Prior to this work the benefit of a green roof stormwater treatment system on water 
quality has not been studied extensively.  The work that has been done does not examine the use 
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of recycled stormwater for irrigation and a cistern to store irrigation water.  The use of the cistern 
is intended to not only store stormwater, but also create an anaerobic zone in the green roof 
stormwater treatment system.  The only source for runoff from a green roof stormwater treatment 
system is cistern overflow.  It is for this reason that all of the water quality analysis was 
performed on the cistern water.  The water quality parameters of interest are pH, alkalinity, total 
solids, total dissolved solids, total suspended solids, turbidity, total nitrogen, TKN, ammonia, 
nitrate + nitrite, total phosphorus, and ortho-phosphorus. 
 The first set of hypothesis tests for the above water quality parameters are to determine 
what, if any, is the effect of irrigation rates on the green roof stormwater treatment system cistern 
water quality.   As shown in the results section for water quality irrigation has no significant 
effect on any of the water quality parameters studied.  Specifically, pH and alkalinity only 
rejected four out of eight hypothesis tests with a z score range of -1.902 to 4.859 and -2.589 to 
2.802, respectively.   
The solids results showed similar results with total solids rejecting three of eight null 
hypotheses and total dissolved solids and total suspended solids rejecting only two of eight null 
hypotheses.  The range of z scores was from -2.257 to 1.371, -2.352 to 1.562, and -1.746 to 
0.666, respectively for total solids, total dissolved solids, and total suspended solids.  The results 
for the turbidity hypothesis tests also show no difference due to irrigation rates.  The hypothesis 
tests rejected only two of the eight null hypotheses with a z score range of -4.294 to 0.453.   
The nitrogen species hypothesis testing results are also indicative of irrigation rates 
having no affect on concentration.  The total nitrogen hypothesis tests rejected two of the eight 
hypotheses tests with a z score range of -2.082 to 1.189.  The TKN and ammonia hypothesis tests 
both rejected only one of the eight null hypotheses with a z score range of -2.264 to 1.166 and -
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1.106 to 1.793, respectively.  The nitrate + nitrite hypothesis tests did not reject any of the null 
hypotheses with a z score range of -0.473 to 1.580.   
Both total phosphorus and ortho-phosphorus hypothesis tests rejected three of the eight 
null hypotheses with a z score range of -3.530 to 0.409 and -1.783 to 2.415, respectively.  These 
results show that no conclusions can be made about the effects of irrigation rate on water quality. 
 The next set of hypothesis tests for the previously mentioned water quality parameters are 
to determine what, if any, effect vegetation had on the green roof stormwater treatment system 
cistern water quality.   As shown in the results section for water quality, vegetation does have a 
significant effect on several of the water quality parameters studied.  Specifically, pH and 
alkalinity only accepted one out of eight hypothesis tests and two out of eight hypothesis tests 
with a z score range of -5.963 to -0.813 and -1.455 to 12.261, respectively.  This shows that 
vegetation is effective at reducing the pH to a more neutral range and increasing the buffering 
capacity, or alkalinity, of the filtrate leaving the system. 
The solids results show that while vegetation increases total solids and total dissolved 
solids vegetation has no effect on total suspended solids.  The total solids and total dissolved 
solids hypothesis testing rejected all eight null hypotheses and the total suspended solids rejected 
four of eight null hypotheses.  The range of z scores was from 6.048 to 8.754, 6.935 to 9.087, 
and -3.998 to 0.148, respectively for total solids, total dissolved solids, and total suspended 
solids.  This shows that vegetation actually increases the amount of dissolved solids while not 
removing or contributing to suspended solids.  It should be noted that for the expanded clay 
growing media all null hypotheses were rejected suggesting that the expanded clay growing 
media with vegetation reduces total suspended solids. 
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The results for the turbidity hypothesis tests show that vegetation does have a significant 
affect.  The hypothesis tests accepted only one of the eight null hypotheses with a z score range 
of -4.480 to 4.559.  These results show that the addition of vegetation to the expanded clay 
growing media reduced the turbidity and addition of vegetation to Black & GoldTM growing 
media increased the turbidity.  This is probably due to the fact that plant growth was not as 
strong in the Black & GoldTM growing media as in the expanded clay growing media. 
The hypothesis testing done on the nitrogen species shows no significant difference, but 
based on the z scores some inferences can be made.  The total nitrogen hypothesis tests rejected 
four of the null hypotheses with a z score range of -2.462 to 0.813.  All z scores except two had 
negative values indicating that total nitrogen was reduced but not significantly.  It should also be 
noted that the expanded clay chambers showed more negative z scores than the Black & GoldTM 
chambers and rejected all four null hypotheses.  This again, is probably due to the more vibrant 
plant growth in the expanded clay chambers.  The TKN hypothesis tests rejected six of the eight 
null hypotheses with a z score range of -2.497 to 0.089.  All but one z score is negative 
indicating that, while the difference was not significant, TKN is lower for vegetated chambers 
than non-vegetated chambers.  The ammonia hypothesis tests only rejected two out of eight null 
hypotheses with z scores ranging from -0.790 to 1.903.  The addition of vegetation has no affect 
on ammonia concentration in the cistern.  The nitrate + nitrite hypothesis tests rejected only one 
of the eight null hypotheses with a z score range of -1.351 to 1.807.  This also shows that the 
addition of vegetation has no affect on nitrate + nitrite concentration in the cistern.   
Hypothesis tests show that vegetation is effective at reducing the concentration of total 
phosphorus and ortho-phosphorus.  Total phosphorus hypothesis tests rejected six of the eight 
null hypotheses with a z score range of -3.343 to -0.985.  Ortho-phosphorus hypothesis tests 
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rejected five of the eight null hypotheses with a z score range of -5.250 to -1.023.  All of the z 
scores for both total phosphorus and ortho-phosphorus are mostly large negative numbers 
showing vegetation to make significant reductions in the cistern concentration. 
The use of two different growing media is examined within this thesis.  The two different 
growing media that were examined are Black & GoldTM and expanded clay.  Recycled tires, a 
main constituent in the Black & GoldTM growing media, have been shown to remove nitrogen 
species from golf course runoff by Lisi et al. (2004).  This research motivated the further 
examination of recycled tires for the application of a green roof growing media.  Hypothesis tests 
done on the growing media show that the Black & GoldTM growing media is effective at 
reducing the concentration of some, not all, of the water quality parameters examined. 
The results of the pH and alkalinity hypothesis tests show that media selection does have 
a significant affect on resulting water quality.  The hypothesis tests for pH rejected six of the 
eight null hypotheses and alkalinity hypothesis tests rejected all eight null hypotheses.  The range 
of z scores is from -7.873 to 0.059 and 2.613 to 9.163 for pH and alkalinity, respectively.  This 
result shows that the Black & GoldTM growing media is effective at maintaining a more neutral 
pH and increasing the alkalinity in the cistern. 
The results of the solids hypothesis tests show that media selection has a significant effect 
on total solids and dissolved solids, but no significant affect on suspended solids.  The 
hypothesis tests for both total solids and total dissolved solids rejected all the null hypotheses 
with a z score range of 5.231 to 12.216 and 5.288 to 11.857, respectively.  These high z scores 
show that the increase is significant.  The total suspended solids hypothesis tests rejected four of 
the eight null hypotheses with a z score range of -0.130 to 3.484.  While not enough null 
hypotheses were rejected to substantiate a statistical difference, all but one z score is positive 
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indicating that the Black & GoldTM might produce a slight increase in total suspended solids 
concentration. 
The results for the turbidity hypothesis testing shows that media selection does have a 
significant effect on the cistern turbidity.  The hypothesis tests for turbidity rejected five of the 
eight null hypotheses with a z score range of -2.305 to 7.215.  With closer examination of the z 
scores it can be seen that the vegetated chambers increased the turbidity while the non-vegetated 
chambers reduced the turbidity. 
The results for the different nitrogen species hypothesis testing show that media selection 
does not have a significant effect on the cistern water quality.  The hypothesis tests for total 
nitrogen rejected two of the eight null hypotheses and for TKN rejected only one of the eight null 
hypotheses with a z score range of -1.632 to 2.000 and -1.749 to 1.587, respectively.  This shows 
that there is no significant reduction of total nitrogen or TKN due to media selection.  The 
hypothesis tests for ammonia rejected only one of the eight null hypotheses with a z score range 
from -1.408 to 1.540.  This shows that no significant reduction in ammonia concentration can be 
gained due to media selection.  The nitrate + nitrite hypothesis test results show no benefit to the 
use of Black & GoldTM.  The hypothesis tests for nitrate + nitrite rejected only three of the eight 
null hypotheses with a range of -2.172 to 0.674.  The fact that six of the eight z score are 
negative numbers indicates that there might be a small reduction in the nitrate + nitrite 
concentration in the cistern.  It should be noted, however, that this is not a statistically significant 
reduction. 
The selection of growing media has a significant effect on the total phosphorus and ortho-
phosphorus concentration in the cistern.  The hypothesis test results for total phosphorus rejected 
seven of the eight null hypotheses with a z score range of -7.458 to -0.979.  The hypothesis test 
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results for the ortho-phosphorus rejected all eight of the null hypotheses with a z score range of -
8.162 to -3.277.  This shows that use of the Black & GoldTM growing media does significantly 
reduce the concentration of total phosphorus and ortho-phosphorus in the cistern. 
The next set of hypothesis tests are used to examine the benefit, if any, of a vegetated or 
non-vegetated roof verses a control roof.  The hypothesis test results for pH, alkalinity, total 
solids, and total dissolved solids show that both vegetated and non-vegetated chambers 
significantly affect the water quality of the cistern.  The vegetated and non-vegetated chambers 
increased the pH and alkalinity of the cistern water.  The control chambers had a pH < 6 while 
the vegetated and non-vegetated chambers had a pH > 8.  The alkalinity hypothesis tests had z 
scores greater than 10 and as high as 56, showing that vegetation and growing media will 
significantly increase the buffering capacity of the cistern water.  The fact that the total solids 
and total dissolved solids both have z scores greater than 8 shows that both vegetated and non-
vegetated chambers significantly increase the dissolved solids concentrations in the cistern.  The 
total suspended solids concentration, however, was not significantly affected by the use of 
growing media or vegetation.  The hypothesis test for total suspended solids with vegetated 
chambers accepted all the null hypotheses and accepted all but one for the non-vegetated 
chambers.  This shows that the addition of a vegetated or non-vegetated roof will not contribute 
any additional suspended solids when compared to a conventional roof. 
The results of the hypothesis tests for turbidity showed that there is a significant 
difference with vegetation and no significant difference without vegetation.  The hypothesis tests 
for vegetation rejected five of the eight hypotheses with a z score range of -1.994 to 2.663.  
Seven of the eight z scores were close to zero or negative showing that vegetation, specifically 
with the expanded clay growing media, will likely reduce the turbidity of the cistern water.  The 
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non-vegetated chambers accepted all eight of the null hypotheses showing that the addition of 
growing media without vegetation will have no significant affect on the turbidity of the cistern 
water. 
The results of the hypothesis tests for total nitrogen and TKN showed that there is no 
significant difference between the vegetated chambers and control chambers while there is a 
significant difference between the non-vegetated chambers and the control chambers.  The 
hypothesis tests for total nitrogen rejected only two of the eight null hypotheses for the vegetated 
chambers and TKN rejected four of the eight null hypotheses.  The tests for the non-vegetated 
chambers rejected seven of eight null hypotheses and all eight null hypotheses for total nitrogen 
and TKN, respectively.  This result shows that non-vegetated chambers will increase both the 
total nitrogen and TKN concentration of cistern water while vegetated chambers will not. 
The results of the hypothesis tests for ammonia and nitrate + nitrite showed that there is a 
significant difference between the vegetated chambers and the control chambers as well as 
between the non-vegetated chambers and the control chambers.  The hypothesis tests for 
ammonia rejected six of the eight null hypotheses for the vegetated chambers and rejected all 
eight null hypotheses for the non-vegetated chambers.  The hypothesis tests for nitrate + nitrite 
rejected all the null hypotheses for both the vegetated and non-vegetated chambers.  These 
results show that vegetated and non-vegetated chambers are effective at reducing the 
concentration of ammonia and nitrate + nitrite in the cistern water. 
The results of the hypothesis testing for total phosphorus and ortho-phosphorus show that 
both vegetated and non-vegetated chambers significantly affect the water quality of the cistern.  
The hypothesis tests for total phosphorus rejected seven of the eight null hypotheses for the 
vegetated chambers and rejected all eight of the null hypotheses for the non-vegetated chambers.  
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The hypothesis tests for ortho-phosphorus rejected the four of the eight null hypotheses for the 
vegetated chambers and seven of the eight null hypotheses for the non-vegetated chambers.  The 
four null hypotheses accepted for the vegetated chambers were the Black & GoldTM growing 
media chambers.  This result shows that vegetated and non-vegetated roofs increase the 
concentration of both ortho-phosphorus and total phosphorus when compared to a conventional 
roof.  The use of vegetation with the Black & GoldTM growing media however, indicates that 
ortho-phosphorus concentration may be controlled.  
Isotherm Analysis 
 The results of this adsorption study contradict the results obtained by Lisi et al. (2004).  
From the analysis preformed by the author of this report, there was no adsorption potential 
detected for nitrate.  The difference in detention times used could be the difference, although 
Shah (2006) had a detention time of 24 hours and also determined that there was no adsorption 
of nitrate.  Lisi et al. (2004) also concluded that tire crumb had no adsorption potential for 
phosphate.  The author found that even with a short detention time of about 15 minutes 
adsorption did occur, although not very much.  Shah (2006), showed that with a longer detention 
time the adsorption potential for phosphorus increased.  From the results of Shah (2006), the life 
of the Black & Gold NuggetsTM under the loading conditions of the green roof is about 3352 
years.  This result, when compared with the results presented within this report, shows that as the 
detention time increases so does the adsorption capacity.  As stated above, the detention time for 
the green roof will mostly be on the order of at least 24 hours coinciding with precipitation and 
irrigation events.  Therefore, the Black & Gold NuggetsTM pollution control media should be 
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able to last considerably longer than the 0.001 years reported in this report.  This should be 
studied in more detail in order to quantify the actual pollution control life under the conditions of 
a green roof. 
Based on the results of this study, the following conclusions can be made with respect to 
water quality and green roofs.  A green roof with a pollution control layer has the potential to 
remove phosphorus through adsorption.  It should be noted that better phosphorus removal is 
possible with longer detention time.  Also, different mixes for the pollution control layer should 
be examined further to find the mix with the best removal performance.  Shah (2006) used 
sawdust as a constituent and may be a reason for the better phosphorus removal observed.  The 
phosphorus adsorption potential of the pollution control layer under a green roof should also be 
examined to see if the interactions of the plants root zone and pollution control layer affect the 
functioning life of the layer.   
Since the results of Lisi et al. (2004) could not be reproduced, a pollution control layer 
should not be relied upon for nitrate removal.  Rather, the green roof should be designed similar 
to the bio-retention unit described by Kim et al. (2003), which is with an anaerobic zone, to 
achieve nitrate removal.  This can be done with the addition of a cistern and was shown to be 
effective by Wanielista and Hardin (2006).  This green roof stormwater treatment system should 
be examined more closely to determine how the cistern environment affects nutrient removal. 
Example Calculation 
 An example calculation of the different efficiencies of the green roof and the green roof 
stormwater treatment system are performed within this section.  This is done to quantify the 
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retention benefit of adding a cistern.  The first calculation will be a mass balance of the green 




Figure 11: Mass Balance System Boundaries 
The terms of interest are the irrigation, precipitation, evapotranspiration, media storage 
and filtrate.  First a mass balance is developed. 
dMS/dt = P + I – ET – F 
With the assumption of a small time step the following simplification can be made: 
∆MS/∆t = P + I – ET – F 
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This equation is in terms of volume per unit time and needs to be multiplied through by the time 
step to get volume. 
∆MS = ∆t*(P + I – ET – F) 
This equation can be further simplified as follows: 
∆MS = P’ + I’ – ET’ – F’ 
where the prime indicates a volume term.  The next assumption is that over the course of a year 
the change is storage is much less than the precipitation, irrigation, evapotranspiration, and 
filtrate volume.  Therefore can be assumed to be equal to zero giving the following: 
0 = P’ + I’ – ET’ – F’ 
All these terms were measured and the efficiency can be calculated.  The volumes measured are 
as follows: 
P’ = 44.3 inches 
I’ = 48.4 inches 
ET’ = 44.6 inches 
F’ = 48.2 inches 
The efficiency is calculated as the fraction of filtrate with respect to precipitation. 
Efficiency = (1 – (F/P))*100% 
Using the above data the efficiency is calculated to be -8.8%.  This shows that an irrigated green 
roof without a cistern will not reduce runoff when compared to an impervious surface.  This 
setup will actually increase runoff. 
 Next a calculation using the second system boundaries in Figure 11 is performed.  First a 
mass balance is performed. 
d(S + MS)/dt = P + Z – O – ET 
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Assuming a finite time step: 
∆(S + MS)/∆t = P + Z – O – ET  
Multiplying through by the time step to the equation in terms of volume gives: 
∆(S + MS) = ∆t*(P + Z – O – ET)  
which can be simplified to: 
 ∆(S + MS) = P’ + Z’ – O’ – ET’ 
Making the assumption that the change in storage over a year is negligible gives: 
0 = P’ + Z’ – O’ – ET’ 
All of the above terms were measured and give: 
P’ = 44.3 inches 
Z’ = 11.02 inches 
O’ = 7.5 inches 
ET’ = 44.6 inches 
The efficiency is calculated as the fraction of overflow with respect to precipitation. 
Efficiency = (1 – (O’/P’))*100% 
Using the above data the efficiency is calculated to be 83% when compared to a conventional 
roof.  This shows an increase of 91.8% when using a cistern to collect filtrate and irrigate.  Based 
on these calculations an irrigated green roof must have a cistern to achieve runoff reduction. 
 The calculated average retention time is defined as the total cistern volume divided by the 
output rate.  Using the total yearly output of the overflow and irrigation yields the following: 
5 inches/55.9 inches per year = 0.089 per year or 32.6 days retention time.  This time is most 
likely sufficient to achieve anaerobic conditions in the cistern. 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 
Conclusion 
 
 Stormwater management continues to be a growing problem in urban areas because of 
limited space and resources.  Green roof stormwater treatment systems are a solution to this 
problem that offers several other benefits.  As presented within this work an irrigated green roof 
with a cistern is an effective way to reduce the pollutant mass and volume of stormwater runoff 
from rooftops.  From the results of the model and the water budget experiment it can be seen that 
green roof stormwater treatment systems can effectively reduce the volume of runoff by as much 
as 87% for the Orlando, Florida region.  This efficiency is based on a cistern that stores a volume 
of five inches over the green roof area.  It should be noted that an irrigated green roof without a 
cistern will only achieve a runoff reduction of about 43% for the same region.  Expected 
efficiencies for green roof stormwater treatment systems for different regions in Florida are 
shown in appendix A.  Examination of these curves shows that the expected efficiency is highly 
dependent on the geographic region.  This is due to local weather conditions, specifically 
evapotranspiration rates and precipitation volume.  Also noted from the graphs of Appendix A is 
that effectiveness increases as the size of the cistern increases.   
 The results from the water budget experiment show that evapotranspiration rates and 
filtrate factors will vary with design.  From the results section it can be seen that all the design 
parameters studied had a significant effect on evapotranspiration rates and filtrate factors.  
Increasing the irrigation rate increased evapotranspiration rates, although not at a statistically 
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significant level and significantly increased the filtrate factor.  Use of vegetation and Black & 
GoldTM growing media will significantly increase the evapotranspiration rates and decrease the 
filtrate factor.  The increase in evapotranspiration rates is beneficial as it helps maintain the water 
budget and decrease runoff.  A decrease in filtrate factor is also desired as it signifies less runoff 
from the roof to the cistern and thus increasing the efficiency of the system.    Also, hydrograph 
analysis shows that the volume and peak rate of discharge is reduced by approximately 50% 
when using the green roof designs of this research. 
Based solely on these data, the optimal design for a green roof stormwater treatment 
system is to irrigate 1 inch per week, use vegetation, and use the Black & GoldTM growing 
media.  The plants did not, however, grow as well in the Black & GoldTM growing media.  It is 
for this reason that the author recommends using the expanded clay growing media to ensure 
vibrant plant growth, and to use the pollution control media beneath the growth media.  It should 
be noted at this time that by reducing the irrigation rate during the winter months a decrease in 
filtrate factor will result.  This conclusion is based on the fact that during the winter months the 
filtrate factors were high and the evapotranspiration rates for the vegetated chambers are equal to 
the non-vegetated chambers.  This can be seen from Tables 4 and 5 in Chapter 4. 
 The results of the water quality experiment showed that green roof stormwater treatment 
systems are effective at reducing the mass and sometimes the concentration of pollutants from 
stormwater runoff.  This is when compared to a conventional roof.  The water quality parameters 
studied are pH, alkalinity, total suspended solids, total dissolved solids, total solids, turbidity, 
nitrate + nitrite, ammonia, total nitrogen, TKN, ortho-phosphorus, and total phosphorus. 
 The use of vegetation and growing media selection has a significant affect on the pH and 
alkalinity of the cistern water.  From the experimental results, it can be seen that vegetation and 
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the Black & GoldTM growing media will neutralize the pH and increase the alkalinity of the 
runoff.  The runoff from the control chambers had low pH and alkalinity potentially decreasing 
the buffering capacity of the receiving body.  The results of this experiment support the use of 
green roof stormwater treatment systems as a means to resolve this problem. 
 Green roofs, due to the solids associated with the growing media, tend to increase the 
amount of solids released in stormwater runoff.  This experiment supported this assertion with 
the exception of suspended solids, which was equivalent to the control.  Examination of the 
graphs presented in Appendix E show that while the concentration is usually increased for the 
green roof stormwater treatment system, the mass is equivalent except for suspended solids 
which is lower. 
 The results of the turbidity analysis show that vegetation and media selection make a 
significant difference in the water quality of the cistern water.  The vegetated chambers with the 
expanded clay growing media had significantly lower turbidity than the Black & GoldTM 
growing media chambers.  The difference between the control chambers and the vegetated 
chambers also showed a reduction for the vegetated expanded clay growing media and an 
increase for the vegetated Black & GoldTM growing media.  This is probably due to the fact that 
plant growth was much stronger in the expanded clay growing media. 
 The total nitrogen and TKN results show that when compared to the control chambers 
there is no significant difference in concentration for green roof stormwater treatment systems.  
The use of chambers without vegetation showed an increased concentration in both total nitrogen 
and TKN when compared to the control chamber.  With examination of the mass comparison 
graphs in Appendix E it can be seen that the green roof stormwater treatment system does reduce 
the mass of both total nitrogen and TKN. 
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 The results of the ammonia and nitrate + nitrite analysis show that neither vegetation nor 
growing media selection has any significant effect on concentration.  When compared to the 
control chambers, however, the concentrations of all the chambers with and without vegetation 
were significantly lower.  This is presumed to be due to the cistern creating an anaerobic 
environment facilitating denitrification.  From the mass comparison graphs presented in 
Appendix E, it can be seen that there is a drastic reduction in mass when comparing a green roof 
stormwater treatment system to a control chamber.  This shows that green roof stormwater 
treatment systems are an effective technique to help achieve mass reductions. 
 From examination of the ortho-phosphorus and the total phosphorus analysis, it can be 
seen that vegetation and growing media selection have a significant affect on the resulting cistern 
concentration.  By adding vegetation, both the ortho-phosphorus and total phosphorus 
concentration can be significantly reduced.  Use of the Black & GoldTM growing media will also 
produce a concentration reduction when compared to the expanded clay growing media.  All of 
the chambers however, had a significantly higher concentration for both parameters when 
compared to the control chambers.  The only exception is the vegetated Black & GoldTM media 
chambers which showed no significant increase in concentration.  The mass comparison graphs 
in Appendix E show that the mass released from the vegetated chambers and the Black & 
GoldTM growing media chambers are less than the mass released from the control chambers. 
 Green roof stormwater treatment systems as described within this work are an effective 
way to reduce the volume of runoff leaving a developed site.  These systems are also efficient at 
reducing the mass of pollutants leaving a developed site.  It should be noted that in order to 
achieve this pollutant reduction a cistern needs to be used to store filtrate from the roof for 
irrigation. 
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 Based on visual plant appearance during the experiment, it was determined that the plants 
did not grow well in the Black & GoldTM growing media.  The Black & GoldTM growing media 
did, however, show to be effective at removing both total and ortho-phosphorus.  This suggests 
that a pollution control layer under the growing media will produce the benefits of pollutant 
removal while maintaining vibrant plant growth.  Isotherm analysis was preformed to examine 
the potential of this concept.  The results for this study show that, while phosphorus is removed, 
this concept needs to be developed further. 
Summary 
 
 A specific green roof system design was examined in this work.  The design studied was 
a green roof irrigated with recycled stormwater which is stored in a cistern.  This project 
examined the effect of different irrigation rates, growing media selection, and use of vegetation.  
Eighteen experimental chambers were built and monitored for a year to examine the affect on the 
water budget and water quality.  The results of the water budget also led to the development of a 
model to predict the filtrate returned to the cistern.  This model will be useful in the green roof 
design industry, especially as related to stormwater volume management. 
This work supports the use of green roofs in conjunction with a cistern for improved 
water quality and water volume reduction.  It is shown that with the addition of a cistern to store 
green roof filtrate for irrigation the concentration of ammonia and nitrate + nitrite can be 
significantly reduced.  Phosphorus removal can also be achieved with the use of plants and a 
pollution control layer.  It should be noted that the concentration of phosphorus actually 
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increased when compared to a control chamber, but the mass was much lower.  The volume 
reduction achieved with a cistern is the source of a majority of the pollution removal for the 
green roof stormwater treatment system.  These systems are also effective at neutralizing pH and 
adding buffering capacity to stormwater runoff. 
 
Recommendations for Future Work 
 
 Green roofs are a new concept in the United States and as a result are not extensively 
studied.  Within this work the use of a cistern to store and treat stormwater to improve water 
quality and reduce the volume of runoff was examined.  During the duration of this project, 
several areas in need of further study were identified.  These areas will be discussed in this 
section. 
 The first area for further study is the effect of growing media depth on green roof filtrate 
volume reduction.  This study examined only one growing media depth, six inches.  The results 
from the model indicate that increased media depth will result in decreased filtrate factor.  This 
result should be checked against the model for different depths of growing media.  The affect on 
evapotranspiration rates should also be examined to determine if extra media storage will result 
in an increase. 
Examination of the growing media water storage potential will help refine the computer 
model.  This will aid in quantifying the volume of water held by the media.  This is the water 
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remaining in the media after seepage has occurred.  The water storage significantly affects the 
volume of water that a green roof can hold and will therefore affect the system performance. 
The addition of a pollution control layer should also be examined for additional pollution 
removal.  The water quality results presented within this work as well as the results from the 
isotherm analysis suggest that phosphorus removal can be achieved with the addition of this 
layer.  The isotherm results presented by Shah (2006) show that significant phosphorus removal 
is possible with a pollution control mix that consists of recycled tires, sand, and sawdust.  This 
pollution control media mix should be further examined as well as other mixes. 
The effect of cistern environment on water quality also needs to be examined.  This 
aspect of the green roof stormwater treatment system needs to be better understood so that it can 
be maintained for optimal performance.  Some specific parameters of interest are BOD, DO, pH 
and bacteria communities present.  The bacterial communities present will give the most insight 
as to the optimal operating conditions. 
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Reuse Curve for Station 616 Belle Glade FL 1 in
































Reuse Curve for Station 845 Boca Raton FL 1 in

































Reuse Curve for Station 1048 Brooksville FL 1 in


































Reuse Curve for Station 2158 Daytona Beach FL 1

































Reuse Curve for Station 3186 Ft. Myers FL 1 in per

































Reuse Curve for Station 3321 Gainsville FL 1 in
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Reuse Curve for Station 4091 Homestead FL 1 in

































Reuse Curve for Station 4358 Jacksonville FL 1 in

































Reuse Curve for Station 4570 Key West FL 1 in per


































Reuse Curve for Station 4797 Lakeland FL 1 in per


































Reuse Curve for Station 5663 Miami FL 1 in per

































Reuse Curve for Station 6240 Niceville FL 1 in per

































Reuse Curve for Station 6628 Orlando FL 1 in

































Reuse Curve for Station 6842 Panama City FL 1 in

































Reuse Curve for Station 8758 Tallahassee FL 1 in

































Reuse Curve for Station 8788 Tampa FL 1 in
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Reuse Curve for Station 9176 Vencie FL 1 in per

































Reuse Curve for Station 9525 West Palm FL 1 in
















































Cumulative ET vs. Time for Over Irrigation (1)
y = 0.1949x - 7511.9
R2 = 0.9939
y = 0.1581x - 6093
R2 = 0.9911

















Irrigation Master Spreadsheet TVO1 Irrigation Master Spreadsheet TO1 Irrigation Master Spreadsheet EO1




Cumulative ET Vs. Time for Over Irrigation (2)
y = 0.0909x - 3494.3
R2 = 0.9941
y = 0.0995x - 3844
R2 = 0.9946
y = 0.0846x - 3255.2
R2 = 0.9961














































































Irrigation Master Spreadsheet EVO1 Irrigation Master Spreadsheet TVO1
Irrigation Master Spreadsheet TO1 Irrigation Master Spreadsheet EO1
Linear (Irrigation Master Spreadsheet TVO1) Linear (Irrigation Master Spreadsheet EVO1)




Cumulative ET vs. Time for Over Irrigation (3)
y = 0.1102x - 4242.2
R2 = 0.9955
y = 0.1102x - 4244.1
R2 = 0.9879
y = 0.0883x - 3400
R2 = 0.9937






















Irrigation Master Spreadsheet TVO1 Irrigation Master Spreadsheet TO1
Irrigation Master Spreadsheet EO1 Irrigation Master Spreadsheet EVO1
Linear (Irrigation Master Spreadsheet TVO1) Linear (Irrigation Master Spreadsheet TO1)
Linear (Irrigation Master Spreadsheet EO1) Linear (Irrigation Master Spreadsheet EVO1)
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Cumulative ET vs. Time for Over Irrigation (4)
y = 0.1823x - 7039.8
R2 = 0.9971 y = 0.1573x - 6073
R2 = 0.9979
y = 0.1368x - 5284.8
R2 = 0.9931




















Irrigation Master Spreadsheet TVO1 Irrigation Master Spreadsheet TO1
Irrigation Master Spreadsheet EO1 Irrigation Master Spreadsheet EVO1
Linear (Irrigation Master Spreadsheet TVO1) Linear (Irrigation Master Spreadsheet TO1)




Cumulative ET vs. Time for Regular Irrigation (1)
y = 0.1732x - 6674.3
R2 = 0.9929
y = 0.143x - 5512
R2 = 0.9893























Irrigation Master Spreadsheet TVR1 Irrigation Master Spreadsheet TR1 Irrigation Master Spreadsheet ER1





Cumulative ET vs. Time for Regular Irrigation (2)
y = 0.0811x - 3117.2
R2 = 0.9933 y = 0.0739x - 2842.9
R2 = 0.9952
y = 0.0704x - 2707
R2 = 0.9968



















Irrigation Master Spreadsheet TVR1 Irrigation Master Spreadsheet TR1 Irrigation Master Spreadsheet ER1
Irrigation Master Spreadsheet EVR1 Linear (Irrigation Master Spreadsheet TVR1) Linear (Irrigation Master Spreadsheet TR1)




Cumulative ET vs. Time for Regular Irrigation (3)
y = 0.0913x - 3512.8
R2 = 0.9909
y = 0.095x - 3659.4
R2 = 0.9975
y = 0.0897x - 3455.2
R2 = 0.9928















Irrigation Master Spreadsheet TVR1 Irrigation Master Spreadsheet TR1 Irrigation Master Spreadsheet ER1
Irrigation Master Spreadsheet EVR1 Linear (Irrigation Master Spreadsheet TVR1) Linear (Irrigation Master Spreadsheet TR1)














ET Comparison of all the Chambers 
Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
7/8/2005 - - - - - - - - - - - - - - 0.21 0.20 0.20 0.21 
7/11/2005 0.29 0.35 0.30 0.32 0.26 0.27 -0.01 -0.01 0.24 0.21 0.23 0.27 0.23 0.22 0.13 0.13 0.13 0.11 
7/15/2005 0.09 0.10 0.08 0.08 0.09 0.08 0.00 0.00 0.06 0.08 0.07 0.06 0.06 0.06 0.21 0.21 0.19 0.19 
7/18/2005 0.19 0.19 0.18 0.19 0.15 0.14 0.00 0.00 0.14 0.14 0.14 0.15 0.14 0.13 0.23 0.22 0.23 0.19 
7/21/2005 0.58 0.46 0.52 0.50 0.46 0.44 0.12        0.15 0.15 0.15 0.15 
7/22/2005 - - - - - - - - - - - - - - 0.17 0.17 0.19 0.15 
7/25/2005 - - - - - - - - - - - - - - 0.16 0.13 0.16 0.13 
7/29/2005 0.14 0.15 0.10 0.12 0.12 0.12 0.00 0.00 0.10 0.10 0.10 0.10 0.10 0.10 0.15 0.14 0.16 0.13 
8/1/2005 0.31 0.35 0.24 0.25 0.28 0.28 0.00 0.02 0.25 0.25 0.23 0.23 0.23 0.22 0.08 0.09 0.08 0.09 
8/5/2005 0.19 0.21 0.21 0.24 0.16 0.15 0.01 0.02 0.17 0.16 0.11 0.09 0.10 0.11 0.17 0.18 0.14 0.14 
8/8/2005 0.30 0.31 0.29 0.30 0.27 0.28 -0.02 0.10 0.26 0.26 0.25 0.22 0.20 0.20 0.16 0.16 0.15 0.14 
8/12/2005 0.14 0.16 0.13 0.14 0.11 0.17 0.00 0.01 0.11 0.11 0.08 0.09 0.08 0.09 0.23 0.24 0.24 0.23 
8/15/2005 0.22 0.26 0.21 0.22 0.19 0.11 0.00 0.03 0.11 0.17 0.13 0.16 0.14 0.14 0.17 0.16 0.17 0.15 
8/19/2005 0.09 0.09 0.02 0.02 0.07 0.08 0.00 0.00 0.02 0.02 0.06 0.06 0.02 0.02 0.19 0.18 0.20 0.19 
8/22/2005 0.18 0.24 0.15 0.16 0.15 0.16 0.00 0.00 0.15 0.15 0.13 0.13 0.13 0.12 0.14 0.14 0.16 0.14 
8/25/2005 0.29 0.34 0.26 0.27 0.25 0.27 0.02 0.02 0.25 0.25 0.21 0.24 0.23 0.22 0.00 0.00 0.00 0.05 
8/29/2005 0.05 0.05 0.05 0.05 0.05 0.05 0.01 0.00 0.05 0.05 0.04 0.04 0.05 0.05 0.27 0.19 0.18 0.20 
9/2/2005 0.33 0.38 0.32 0.35 0.23 0.24 -0.01 0.01 0.24 0.23 0.19 0.16 0.17 0.15 0.15 0.17 0.17 0.15 
9/5/2005 0.11 0.18 0.09 0.11 0.08 0.09 0.00 0.00 0.08 0.08 0.05 0.06 0.05 0.05 0.10 0.10 0.12 0.11 
9/9/2005 0.25 0.33 0.24 0.24 0.19 0.20 0.00 0.00 0.17 0.18 0.14 0.15 0.13 0.14 0.07 0.08 0.08 0.07 
9/12/2005 0.08 0.09 0.06 0.06 0.05 0.04 0.00 0.00 0.04 0.04 0.04 0.04 0.03 0.04 0.22 0.21 0.22 0.18 
9/16/2005 0.12 0.16 0.09 0.11 0.11 0.11 0.00 0.00 0.09 0.09 0.09 0.10 0.09 0.08 0.06 0.06 0.05 0.05 
9/19/2005 0.23 0.29 0.16 0.17 0.17 0.17 0.00 0.00 0.15 0.15 0.14 0.15 0.14 0.14 0.22 0.21 0.19 0.19 
9/24/2005 0.28 0.29 0.29 0.29 0.20 0.23 0.00 0.00 0.19 0.20 0.15 0.16 0.13 0.14 0.16 0.13 0.12 0.11 
9/26/2005 0.11 0.11 0.09 0.10 0.08 0.08 0.00 0.00 0.06 0.07 0.07 0.08 0.06 0.05 0.29 0.17 0.16 0.14 
9/30/2005 0.15 0.16 0.14 0.14 0.12 0.12 0.01 -0.01 0.11 0.11 0.08 0.09 0.09 0.09 - - - - 
10/3/2005 0.20 0.22 0.15 0.19 0.16 0.17 0.01 0.02 0.14 0.15 0.06 0.13 0.11 0.12 - - - - 
10/7/2005 0.26 0.19 0.23 0.20 0.17 0.16 0.00 0.04 0.15 0.15 0.13 0.12 0.09 0.10 0.22 0.40 0.23 0.19 
10/10/2005 0.01 0.07 0.07 0.07 0.04 0.06 0.00 0.00 0.05 0.06 0.04 0.06 0.03 0.03 0.07 0.05 0.06 0.05 
10/14/2005 0.14 0.12 0.11 0.12 0.12 0.11 0.00 0.01 0.10 0.10 0.09 0.09 0.09 0.10 0.14 0.14 0.14 0.12 
10/17/2005 0.08 0.09 0.06 0.06 0.07 0.07 0.00 0.00 0.06 0.06 0.06 0.06 0.05 0.05 0.07 0.08 0.07 0.06 
10/21/2005 0.10 0.10 0.07 0.08 0.09 0.10 0.00 0.00 0.08 0.08 0.07 0.08 0.08 0.09 0.12 0.11 0.09 0.09 
10/26/2005 0.06 0.31 0.07 0.07 0.08 0.07 0.01 0.00 0.07 0.07 0.10 0.07 0.06 0.07 0.10 0.08 0.07 0.07 
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Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
10/28/2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10/31/2005 0.14 0.14 0.11 0.12 0.13 0.13 0.00 0.00 0.13 0.12 0.11 0.11 0.10 0.10 0.15 0.15 0.12 0.12 
11/4/2005 0.12 0.12 0.12 0.12 0.13 0.11 0.00 0.01 0.10 0.11 0.08 0.08 0.08 0.09 0.13 0.12 0.12 0.10 
11/7/2005 0.11 0.13 0.09 0.09 0.09 0.08 0.00 0.00 0.07 0.09 0.07 0.08 0.10 0.07 0.11 0.11 0.09 0.09 
11/11/2005 0.06 0.07 0.06 0.07 0.07 0.09 0.00 0.00 0.06 0.07 0.05 0.06 0.06 0.06 0.11 0.10 0.07 0.08 
11/14/2005 0.17 0.16 0.12 0.13 0.14 0.15 0.00 0.00 0.12 0.14 0.12 0.13 0.11 0.12 0.16 0.18 0.14 0.15 
11/18/2005 0.07 0.06 0.06 0.07 0.06 0.06 0.00 0.00 0.05 0.06 0.04 0.05 0.06 0.05 0.07 0.07 0.07 0.07 
11/21/2005 0.11 0.12 0.10 0.10 0.11 0.11 0.00 0.00 0.09 0.10 0.09 0.09 0.09 0.09 0.13 0.12 0.11 0.10 
11/28/2005 0.04 0.04 0.03 0.04 0.03 0.03 0.00 0.00 0.04 0.03 0.03 0.03 0.03 0.03 0.05 0.04 0.04 0.04 
12/2/2005 0.15 0.16 0.14 0.15 0.13 0.13 0.00 0.02 0.11 0.12 0.12 0.12 0.12 0.11 0.16 0.15 0.14 0.14 
12/5/2005 0.10 0.14 0.09 0.10 0.10 0.10 0.00 0.00 0.08 0.10 0.09 0.10 0.09 0.09 0.12 0.11 0.09 0.09 
12/9/2005 0.15 0.13 0.16 0.15 0.13 0.13 0.01 0.00 0.12 0.13 0.12 0.11 0.11 0.12 0.15 0.15 0.14 0.16 
12/13/2005 0.05 0.04 0.05 0.05 0.04 0.00 0.00 0.01 0.02 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03 
12/16/2005 0.09 0.08 0.08 0.08 0.07 0.07 0.00 0.00 0.08 0.07 0.07 0.07 0.07 0.06 0.09 0.09 0.07 0.08 
12/19/2005 0.07 0.08 0.07 0.07 0.06 0.08 0.00 0.01 0.05 0.07 0.05 0.05 0.06 0.07 0.07 0.07 0.07 0.06 
12/23/2005 0.02 0.03 0.03 0.03 0.02 0.02 0.00 0.00 0.03 0.03 0.02 0.03 0.02 0.02 0.03 0.03 0.01 0.02 
12/27/2005 0.07 0.07 0.03 0.07 0.11 0.11 0.00 0.00 0.05 0.06 0.09 0.08 0.06 0.06 0.08 0.07 0.06 0.06 
12/30/2005 0.12 0.10 0.09 0.09 0.11 0.09 0.00 0.00 0.09 0.10 0.10 0.11 0.08 0.09 0.12 0.12 0.09 0.09 
1/2/2006 0.09 0.09 0.08 0.09 0.09 0.08 0.00 0.00 0.08 0.08 0.06 0.07 0.08 0.08 0.11 0.09 0.07 0.08 
1/6/2006 0.06 0.07 0.06 0.06 0.05 0.06 0.00 0.01 0.07 0.06 0.06 0.06 0.06 0.06 0.07 0.08 0.07 0.08 
1/10/2006 0.09 0.10 0.08 0.08 0.08 0.09 0.00 0.00 0.08 0.08 0.08 0.08 0.08 0.08 0.12 0.10 0.09 0.09 
1/13/2006 0.10 0.08 0.08 0.09 0.08 0.08 0.00 0.00 0.07 0.07 0.07 0.07 0.08 0.07 0.11 0.11 0.09 0.09 
1/17/2006 0.08 0.07 0.08 0.07 0.07 0.08 0.00 0.03 0.09 0.08 0.07 0.09 0.06 0.06 0.09 0.08 0.07 0.07 
1/20/2006 0.13 0.14 0.13 0.13 0.14 0.13 0.00 0.01 0.18 0.13 0.12 0.13 0.11 0.12 0.16 0.15 0.15 0.15 
1/24/2009 0.08 0.07 0.06 0.06 0.05 0.05 0.00 0.01 0.05 0.06 0.05 0.05 0.05 0.05 0.07 0.06 0.07 0.07 
1/27/2006 0.09 0.09 0.07 0.16 0.16 0.16 0.00 0.00 0.07 0.07 0.06 0.07 0.07 0.06 0.11 0.11 0.09 0.10 
1/31/2006 0.13 0.12 0.12 0.06 0.06 0.05 0.00 0.01 0.11 0.12 0.11 0.12 0.11 0.12 0.18 0.14 0.14 0.14 
2/7/2006 0.08 0.07 0.05 0.11 0.08 0.07 0.00 0.00 0.07 0.06 0.06 0.07 0.05 0.06 0.07 0.08 0.07 0.08 
2/10/2006 0.12 0.12 0.10 0.16 0.16 0.17 0.00 0.00 0.09 0.11 0.09 0.10 0.11 0.09 0.13 0.11 0.10 0.10 
2/14/2006 0.11 0.11 0.06 0.10 0.08 0.07 0.00 0.01 0.11 0.11 0.10 0.11 0.10 0.11 0.13 0.14 0.11 0.10 
2/17/2006 0.13 0.11 0.08 0.11 0.13 0.13 0.00 0.00 0.09 0.10 0.09 0.09 0.11 0.08 0.08 0.06 0.09 0.11 
2/21/2006 0.08 0.07 0.07 0.07 0.07 0.07 0.00 0.00 0.07 0.07 0.06 0.07 0.06 0.06 0.07 0.07 0.07 0.06 
2/24/2006 0.13 0.11 0.10 0.24 0.26 0.29 0.00 0.00 0.11 0.11 0.12 0.11 0.11 0.09 0.11 0.12 0.10 0.12 
2/28/2006 0.13 0.12 0.12 0.01 0.01 0.03 0.00 0.01 0.11 0.12 0.09 0.10 0.11 0.11 0.28 0.14 0.13 0.13 
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Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
3/3/2006 0.12 0.13 0.10 0.09 0.13 0.12 0.00 0.00 0.09 0.09 0.09 0.10 0.09 0.09 0.09 0.10 0.09 0.09 
3/7/2006 0.10 0.11 0.09 0.10 0.12 0.12 0.00 0.00 0.09 0.09 0.09 0.10 0.09 0.09 0.11 0.11 0.10 0.10 
3/10/2006 0.14 0.17 0.13 0.15 0.16 0.18 0.00 0.00 0.13 0.13 0.13 0.13 0.13 0.13 0.16 0.14 0.14 0.14 
3/13/2006 0.14 0.15 0.12 0.14 0.17 0.17 0.00 0.00 0.11 0.12 0.11 0.12 0.11 0.10 0.14 0.14 0.12 0.13 
3/17/2006 0.09 0.10 0.09 0.11 0.13 0.12 0.00 0.00 0.09 0.09 0.08 0.08 0.09 0.08 0.10 0.10 0.09 0.09 
3/21/2006 0.14 0.15 0.11 0.12 0.15 0.16 0.00 0.00 0.11 0.11 0.12 0.12 0.11 0.11 0.15 0.15 0.12 0.11 
3/24/2006 0.19 0.19 0.17 0.18 0.17 0.20 0.00 0.00 0.13 0.15 0.13 0.13 0.13 0.14 0.18 0.18 0.17 0.17 
3/28/2006 0.11 0.14 0.11 0.12 0.13 0.13 0.00 0.00 0.10 0.11 0.09 0.11 0.10 0.10 0.13 0.13 0.12 0.12 
3/31/2006 0.16 0.18 0.15 0.16 0.17 0.19 0.00 0.00 0.13 0.14 0.13 0.13 0.13 0.13 0.15 0.15 0.15 0.14 
4/4/2006 0.12 0.17 0.10 0.12 0.12 0.13 0.00 0.00 0.09 0.09 0.10 0.10 0.10 0.10 0.12 0.11 0.11 0.10 
4/7/2006 0.18 0.20 0.02 0.16 0.16 0.17 0.00 0.00 0.13 0.14 0.13 0.13 0.13 0.13 0.17 0.18 0.16 0.15 
4/11/2006 0.20 0.20 0.21 0.21 0.20 0.20 0.00 0.01 0.16 0.17 0.15 0.16 0.16 0.16 0.22 0.21 0.21 0.21 
4/14/2006 0.15 0.18 0.12 0.15 0.15 0.15 0.00 0.00 0.11 0.12 0.08 0.10 0.10 0.10 0.14 0.13 0.12 0.12 
4/18/2006 0.13 0.13 0.10 0.12 0.12 0.13 0.00 0.00 0.10 0.12 0.10 0.10 0.09 0.10 0.13 0.12 0.11 0.11 
4/21/2006 0.19 0.25 0.16 0.17 0.19 0.19 0.00 0.00 0.14 0.14 0.13 0.14 0.13 0.13 0.21 0.15 0.16 0.15 
4/25/2006 0.18 0.19 0.17 0.18 0.15 0.17 0.00 0.02 0.13 0.14 0.13 0.12 0.13 0.13 0.17 0.17 0.16 0.16 
4/28/2006 0.18 0.20 0.15 0.16 0.17 0.22 0.00 0.00 0.14 0.15 0.13 0.14 0.13 0.13 0.17 0.17 0.16 0.15 
5/2/2006 0.13 0.16 0.12 0.13 0.12 0.12 0.00 0.00 0.11 0.11 0.10 0.09 0.10 0.11 0.15 0.14 0.12 0.12 
5/5/2006 0.22 0.22 0.14 0.16 0.19 0.21 0.00 0.00 0.15 0.17 0.14 0.18 0.15 0.13 0.21 0.18 0.16 0.15 
5/12/2006 0.22 0.23 0.21 0.22 0.20 0.19 0.00 0.02 0.18 0.18 0.16 0.16 0.16 0.16 0.21 0.21 0.20 0.20 
5/16/2006 0.07 0.08 0.06 0.07 0.04 0.03 0.00 0.00 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.05 0.03 0.03 
5/19/2006 0.09 0.13 0.08 0.09 0.05 0.07 0.00 0.00 0.04 0.04 0.01 0.03 0.02 0.02 0.11 0.08 0.08 0.07 
5/23/2006 0.14 0.14 0.11 0.11 0.12 0.12 0.00 0.00 0.09 0.10 0.09 0.09 0.10 0.07 0.13 0.12 0.12 0.11 
5/26/2006 0.24 0.27 0.18 0.20 0.20 0.22 0.00 0.00 0.18 0.17 0.20 0.19 0.18 0.16 0.24 0.24 0.20 0.21 
5/30/2006 0.16 0.18 0.18 0.19 0.14 0.14 0.00 0.16 0.12 0.13 0.11 0.13 0.07 0.08 0.16 0.14 0.16 0.14 
6/2/2006 0.31 0.33 0.27 0.29 0.27 0.28 0.00 0.03 0.23 0.19 0.27 0.26 0.26 0.24 0.30 0.28 0.28 0.31 
6/6/2006 0.23 0.23 0.23 0.23 0.21 0.24 0.00 0.00 0.18 0.18 0.19 0.19 0.15 0.15 0.21 0.22 0.21 0.20 
6/9/2006 0.07 0.09 0.06 0.07 0.06 0.07 0.00 0.01 0.07 0.05 0.06 0.06 0.06 0.05 0.06 0.09 0.05 0.05 
6/13/2006 0.33 0.31 0.30 0.31 0.29 0.29 0.00 0.00 0.25 0.21 0.26 0.25 0.20 0.21 0.30 0.30 0.28 0.28 
6/16/2006 0.06 0.06 0.08 0.08 0.05 0.02 0.00 0.16 0.03 0.06 0.05 0.05 0.05 0.04 0.05 0.06 0.07 0.06 
6/20/2006 0.14 0.15 0.12 0.13 0.13 0.15 0.00 0.02 0.16 0.11 0.12 0.12 0.11 0.11 0.13 0.12 0.12 0.12 
6/23/2006 0.15 0.15 0.11 0.14 0.13 0.15 0.00 0.03 0.12 0.11 0.11 0.11 0.10 0.09 0.14 0.13 0.13 0.10 
6/27/2006 0.29 0.28 0.28 0.28 0.25 0.26 0.00 0.00 0.23 0.24 0.23 0.23 0.19 0.20 0.25 0.25 0.25 0.25 
6/30/2006 0.23 0.16 0.17 0.18 0.15 0.17 0.00 0.03 0.15 0.16 0.15 0.15 0.12 0.13 0.14 0.14 0.17 0.15 
 119
Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
7/4/2006 0.13 0.11 0.11 0.10 0.11 0.11 0.00 0.02 0.10 0.10 0.11 0.09 0.08 0.07 0.14 0.12 0.11 0.12 
7/7/2006 0.26 0.23 0.22 0.22 0.22 0.23 0.00 0.01 0.22 0.20 0.18 0.22 0.18 0.18 0.21 0.20 0.20 0.21 
7/11/2006 0.19 0.15 0.14 0.15 0.14 0.15 0.00 0.00 0.13 0.18 0.15 0.12 0.09 0.08 0.13 0.13 0.13 0.11 
7/14/2006 0.25 0.25 0.22 0.23 0.20 0.22 0.00 0.02 0.19 0.20 0.19 0.17 0.16 0.14 0.21 0.21 0.19 0.19 
7/18/2006 0.23 0.22 0.21 0.22 0.21 0.23 0.00 0.11 0.20 0.19 0.26 0.29 0.27 0.30 0.23 0.22 0.23 0.19 
                   
Average 0.15 0.16 0.13 0.14 0.13 0.14 0.00 0.01 0.11 0.12 0.11 0.11 0.10 0.10 0.14 0.14 0.13 0.12 
RPD 6.56 8.34 3.10 134.32 2.53 3.80 1.19 4.07 2.81 
s 0.086 0.087 0.081 0.081 0.072 0.076 0.012 0.027 0.058 0.055 0.056 0.056 0.052 0.052 0.062 0.064 0.057 0.057 
s2 0.007 0.008 0.007 0.007 0.005 0.006 0.000 0.001 0.003 0.003 0.003 0.003 0.003 0.003 0.004 0.004 0.003 0.003 
n 103 103 103 103 103 103 103 102 102 102 102 102 102 102 103 103 103 103 
Average 0.16 0.14 0.14 0.01 0.11 0.11 0.10 0.14 0.13 
RPD (Plants 




11.52 8.56 21.07   10.94         
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f Factor Comparison of all the Chambers 
Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
7/8/2005 - - - - - - - - - - - - - - 0.58 0.58 0.41 0.40 
7/11/2005 0.49 0.41 0.32 0.27 0.57 0.57 1.04 1.04 0.47 0.50 0.60 0.57 0.46 0.50 0.69 0.70 0.58 0.64 
7/15/2005 0.65 0.59 0.42 0.39 0.66 0.67 0.87 0.88 0.52 0.45 0.71 0.75 0.53 0.54 0.59 0.58 0.45 0.47 
7/18/2005 0.65 0.64 0.52 0.51 0.71 0.73 1.00 0.99 0.62 0.62 0.73 0.73 0.62 0.66 0.59 0.61 0.47 0.55 
7/21/2005 0.62 0.70 0.62 0.64 0.69 0.71 0.90        0.63 0.62 0.62 0.63 
7/22/2005 0.33 0.31 0.33 0.31 0.44 0.44 1.00 0.72 0.64 0.64 0.53 0.60 0.68 0.68 0.69 0.69 0.55 0.65 
7/25/2005 0.64 0.64 0.57 0.51 0.71 0.71 - - 0.57 0.64 1.04 0.78 0.56 0.60 0.74 0.78 0.64 0.71 
7/29/2005 0.42 0.40 0.15 0.04 0.48 0.48 - - 0.20 0.17 0.57 0.56 0.17 0.20 0.69 0.70 0.54 0.61 
8/1/2005 0.23 0.14 0.00 0.00 0.28 0.31 0.98 0.70 0.00 0.00 0.43 0.41 0.04 0.10 0.74 0.72 0.49 0.47 
8/5/2005 0.70 0.68 0.60 0.53 0.75 0.76 0.98 0.96 0.67 0.68 0.83 0.85 0.81 0.79 0.37 0.37 0.10 0.09 
8/8/2005 0.66 0.65 0.60 0.58 0.70 0.68 1.03 0.82 0.64 0.64 0.72 0.75 0.73 0.72 0.49 0.49 0.07 0.11 
8/12/2005 0.64 0.59 0.48 0.41 0.63 0.50 1.02 0.88 0.49 0.45 0.72 0.69 0.58 0.58 0.36 0.32 0.02 0.07 
8/15/2005 0.58 0.52 0.45 0.40 0.65 0.77 0.99 0.86 0.70 0.54 0.75 0.70 0.63 0.63 0.56 0.58 0.25 0.28 
8/19/2005 0.67 0.64 0.00 0.00 0.72 0.69 0.91 1.04 0.13 0.00 0.79 0.77 0.00 0.00 0.54 0.57 0.33 0.35 
8/22/2005 0.40 0.26 0.00 0.00 0.52 0.49 - - 0.09 0.09 0.58 0.58 0.17 0.19 0.80 0.81 0.72 0.75 
8/25/2005 0.30 0.21 0.00 0.00 0.40 0.36 0.78 0.81 0.05 0.05 0.53 0.44 0.13 0.16 0.99 0.99 0.99 0.88 
8/29/2005 0.00 0.00 0.00 0.00 0.00 0.00 0.81 0.96 0.00 0.00 0.15 0.15 0.00 0.00 0.64 0.76 0.70 0.68 
9/2/2005 0.49 0.41 0.38 0.33 0.64 0.62 1.03 0.96 0.52 0.56 0.71 0.75 0.66 0.71 0.74 0.72 0.63 0.67 
9/5/2005 0.77 0.59 0.70 0.65 0.83 0.82 1.00 1.03 0.75 0.74 0.89 0.88 0.85 0.82 0.87 0.87 0.85 0.86 
9/9/2005 0.54 0.39 0.44 0.43 0.65 0.64 0.99 1.00 0.59 0.57 0.74 0.72 0.69 0.66 0.77 0.72 0.47 0.57 
9/12/2005 0.78 0.74 0.70 0.68 0.86 0.87 0.92 1.00 0.81 0.79 0.88 0.89 0.85 0.80 0.49 0.51 0.24 0.30 
9/16/2005 0.47 0.39 0.20 0.09 0.54 0.54 - - 0.27 0.27 0.64 0.58 0.28 0.30 0.73 0.76 0.59 0.57 
9/19/2005 0.26 0.13 0.00 0.00 0.47 0.47 - - 0.07 0.11 0.58 0.53 0.15 0.13 0.56 0.57 0.41 0.42 
9/24/2005 0.62 0.61 0.56 0.55 0.72 0.69 1.00 1.00 0.71 0.70 0.80 0.79 0.80 0.78 0.38 0.52 0.21 0.27 
9/26/2005 0.76 0.77 0.62 0.59 0.82 0.83 - - 0.74 0.72 0.86 0.83 0.77 0.78 0.46 0.68 0.56 0.60 
9/30/2005 0.54 0.52 0.36 0.35 0.64 0.65 0.92 1.07 0.51 0.49 0.75 0.74 0.58 0.59 - - - - 
10/3/2005 0.52 0.50 0.44 0.32 0.64 0.62 0.90 0.84 0.49 0.47 0.86 0.71 0.59 0.56 - - - - 
10/7/2005 0.70 0.78 0.70 0.73 0.81 0.82 1.00 0.94 0.80 0.80 0.86 0.87 0.88 0.86 0.75 - - 0.76 
10/10/2005 0.96 0.84 0.77 0.77 0.92 0.88 1.00 0.96 0.85 0.82 0.92 0.88 0.89 0.90 0.85 0.90 0.81 0.84 
10/14/2005 0.63 0.67 0.55 0.50 0.69 0.73 0.98 0.94 0.62 0.59 0.75 0.78 0.61 0.61 0.61 0.61 0.46 0.51 
10/17/2005 0.74 0.72 0.62 0.59 0.78 0.77 - - 0.63 0.64 0.83 0.83 0.72 0.70 0.79 0.74 0.58 0.64 
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Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
10/21/2005 0.59 0.57 0.40 0.30 0.62 0.60 - - 0.38 0.40 0.71 0.66 0.38 0.22 0.51 0.53 0.22 0.22 
10/26/2005 0.95 0.79 0.94 0.94 0.93 0.95 1.00 1.00 0.93 0.94 0.94 0.94 0.95 0.94 0.92 0.93 0.94 0.93 
10/28/2005 - - - - - - - - - - - - - - - - - - 
10/31/2005 0.56 0.56 0.35 0.28 0.60 0.59 - - 0.17 0.26 0.66 0.66 0.39 0.37 0.52 0.53 0.28 0.24 
11/4/2005 0.68 0.68 0.54 0.52 0.69 0.70 1.00 0.91 0.61 0.60 0.80 0.78 0.67 0.66 0.68 0.67 0.54 0.61 
11/7/2005 0.66 0.60 0.44 0.39 0.72 0.75 - - 0.52 0.43 0.79 0.76 0.48 0.58 0.65 0.66 0.43 0.41 
11/11/2005 0.74 0.67 0.49 0.39 0.70 0.64 - - 0.51 0.44 0.79 0.75 0.49 0.53 0.55 0.58 0.38 0.33 
11/14/2005 0.50 0.52 0.30 0.23 0.59 0.56 0.83 0.69 0.33 0.22 0.64 0.61 0.38 0.30 0.48 0.47 0.15 0.14 
11/18/2005 0.71 0.74 0.49 0.44 0.76 0.75 - - 0.56 0.52 0.81 0.79 0.51 0.60 0.70 0.70 0.44 0.38 
11/21/2005 0.66 0.63 0.41 0.39 0.66 0.67 1.00 0.74 0.49 0.43 0.74 0.73 0.48 0.45 0.61 0.65 0.36 0.36 
11/28/2005 0.71 0.73 0.52 0.47 0.77 0.75 - - 0.44 0.50 0.76 0.74 0.52 0.52 0.67 0.68 0.48 0.46 
12/2/2005 0.53 0.51 0.33 0.25 0.61 0.59 1.00 0.81 0.45 0.39 0.64 0.62 0.43 0.43 0.54 0.52 0.30 0.31 
12/5/2005 0.69 0.58 0.41 0.38 0.67 0.68 - - 0.45 0.36 0.73 0.69 0.43 0.43 0.65 0.67 0.42 0.42 
12/9/2005 0.76 0.79 0.68 0.70 0.79 0.80 0.97 0.99 0.75 0.74 0.81 0.82 0.79 0.77 0.76 0.76 0.72 0.68 
12/13/2005 0.82 0.84 0.71 0.69 0.86 1.00 0.95 0.79 0.86 0.75 0.90 0.90 0.83 0.81 0.88 0.90 0.84 0.82 
12/16/2005 0.74 0.78 0.56 0.54 0.78 0.79 0.98 0.75 0.56 0.58 0.80 0.80 0.61 0.67 0.73 0.73 0.58 0.56 
12/19/2005 0.81 0.78 0.62 0.62 0.82 0.77 0.99 0.77 0.72 0.63 0.84 0.84 0.68 0.61 0.81 0.79 0.60 0.66 
12/23/2005 0.91 0.86 0.78 0.78 0.91 0.90 - - 0.73 0.78 0.90 0.89 0.81 0.86 0.86 0.86 0.91 0.80 
12/27/2005 0.73 0.69 0.76 0.47 0.53 0.54 - - 0.57 0.52 0.63 0.68 0.48 0.48 0.69 0.71 0.47 0.48 
12/30/2005 0.65 0.69 0.43 0.42 0.67 0.71 - - 0.42 0.41 0.70 0.68 0.45 0.44 0.65 0.63 0.41 0.40 
1/2/2006 0.72 0.72 0.51 0.47 0.72 0.74 - - 0.51 0.48 0.80 0.77 0.49 0.50 0.68 0.71 0.51 0.47 
1/6/2006 0.77 0.75 0.58 0.53 0.78 0.77 0.93 0.65 0.50 0.57 0.77 0.75 0.53 0.54 0.75 0.71 0.49 0.45 
1/10/2006 0.63 0.59 0.36 0.35 0.66 0.62 - - 0.32 0.30 0.67 0.66 0.31 0.31 0.53 0.59 0.28 0.25 
1/13/2006 0.69 0.75 0.48 0.48 0.74 0.75 - - 0.53 0.53 0.78 0.77 0.51 0.53 0.68 0.68 0.44 0.43 
1/17/2006 0.80 0.84 0.74 0.78 0.83 0.81 0.99 0.85 0.69 0.74 0.84 0.79 0.79 0.78 0.80 0.80 0.76 0.75 
1/20/2006 0.64 0.61 0.36 0.38 0.62 0.64 0.99 0.78 0.07 0.36 0.66 0.65 0.42 0.40 0.57 0.58 0.30 0.29 
1/24/2009 0.71 0.74 0.54 0.56 0.79 0.79 0.87 0.47 0.66 0.53 0.81 0.79 0.64 0.59 0.74 0.76 0.53 0.51 
1/27/2006 0.72 0.72 0.55 0.35 0.60 0.60 0.38 0.61 0.55 0.56 0.81 0.79 0.60 0.61 0.66 0.68 0.44 0.42 
1/31/2006 0.57 0.60 0.32 0.49 0.75 0.78 0.99 0.88 0.40 0.37 0.63 0.62 0.39 0.36 0.42 0.53 0.27 0.24 
2/7/2006 0.77 0.80 0.81 0.62 0.78 0.80 1.00 0.98 0.75 0.78 0.83 0.82 0.82 0.79 0.80 0.79 0.76 0.74 
2/10/2006 0.62 0.64 0.39 0.27 0.57 0.54 - - 0.41 0.36 0.72 0.69 0.38 0.43 0.63 0.67 0.39 0.37 
2/14/2006 0.63 0.63 0.64 0.17 0.67 0.73 0.96 0.72 0.34 0.36 0.63 0.62 0.42 0.34 0.55 0.49 0.33 0.39 
2/17/2006 0.61 0.68 0.48 0.36 0.59 0.59 - - 0.43 0.38 0.71 0.71 0.38 0.45 0.76 0.81 0.46 0.37 
2/21/2006 0.67 0.71 0.44 0.45 0.72 0.72 - - 0.44 0.46 0.77 0.72 0.49 0.47 0.72 0.72 0.42 0.50 
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Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
2/24/2006 0.61 0.65 0.39 0.20 0.43 0.40 - - 0.33 0.33 0.66 0.67 0.36 0.41 0.66 0.64 0.37 0.30 
2/28/2006 0.63 0.66 0.44 0.90 0.97 0.88 0.99 0.92 0.52 0.49 0.73 0.71 0.53 0.52 0.23 0.60 0.43 0.41 
3/3/2006 0.65 0.63 0.43 0.44 0.62 0.63 - - 0.43 0.41 0.73 0.70 0.48 0.45 0.73 0.71 0.49 0.47 
3/7/2006 0.59 0.57 0.26 0.24 0.53 0.54 - - 0.29 0.25 0.64 0.60 0.27 0.30 0.58 0.56 0.24 0.19 
3/10/2006 0.55 0.49 0.18 0.13 0.49 0.46 - - 0.20 0.17 0.60 0.58 0.20 0.22 0.51 0.55 0.15 0.13 
3/13/2006 0.59 0.55 0.26 0.20 0.50 0.50 - - 0.35 0.27 0.65 0.64 0.35 0.38 0.59 0.59 0.30 0.23 
3/17/2006 0.63 0.60 0.22 0.24 0.50 0.53 - - 0.28 0.28 0.66 0.64 0.29 0.30 0.58 0.60 0.28 0.22 
3/21/2006 0.43 0.39 0.07 0.04 0.40 0.36 - - 0.09 0.07 0.49 0.49 0.09 0.11 0.40 0.41 0.07 0.04 
3/24/2006 0.42 0.42 0.04 0.00 0.48 0.40 - - 0.20 0.13 0.59 0.58 0.16 0.15 0.45 0.45 0.04 0.02 
3/28/2006 0.53 0.44 0.13 0.02 0.46 0.46 - - 0.17 0.18 0.62 0.55 0.17 0.21 0.47 0.49 0.06 0.10 
3/31/2006 0.49 0.46 0.11 0.02 0.46 0.41 - - 0.20 0.17 0.59 0.59 0.22 0.21 0.52 0.51 0.07 0.11 
4/4/2006 0.51 0.30 0.17 0.08 0.50 0.48 - - 0.26 0.25 0.60 0.59 0.21 0.24 0.53 0.53 0.15 0.17 
4/7/2006 0.45 0.39 0.85 0.02 0.51 0.47 - - 0.17 0.15 0.58 0.57 0.17 0.17 0.48 0.43 0.02 0.04 
4/11/2006 0.54 0.55 0.34 0.37 0.56 0.55 1.00 0.97 0.49 0.46 0.65 0.63 0.50 0.52 0.51 0.53 0.37 0.36 
4/14/2006 0.55 0.49 0.27 0.16 0.54 0.54 - - 0.34 0.31 0.75 0.69 0.41 0.39 0.59 0.61 0.30 0.28 
4/18/2006 0.46 0.48 0.18 0.06 0.51 0.46 - - 0.19 0.04 0.61 0.60 0.23 0.21 0.49 0.49 0.11 0.15 
4/21/2006 0.40 0.28 0.02 0.00 0.43 0.44 - - 0.17 0.11 0.59 0.57 0.20 0.19 0.38 0.52 0.04 0.06 
4/25/2006 0.41 0.39 0.08 0.04 0.49 0.46 1.00 0.70 0.27 0.23 0.57 0.59 0.30 0.32 0.44 0.43 0.06 0.13 
4/28/2006 0.43 0.41 0.09 0.02 0.47 0.32 0.92 - 0.15 0.10 0.60 0.56 0.22 0.17 0.47 0.47 0.06 0.09 
5/2/2006 0.45 0.35 0.04 0.00 0.49 0.49 - - 0.13 0.13 0.58 0.60 0.17 0.09 0.42 0.43 0.02 0.02 
5/5/2006 0.32 0.28 0.05 0.00 0.40 0.36 - - 0.07 0.08 0.58 0.47 0.12 0.14 0.35 0.45 0.00 0.00 
5/12/2006 0.27 0.23 0.12 0.05 0.34 0.36 1.00 0.90 0.25 0.24 0.47 0.45 0.31 0.33 0.30 0.29 0.12 0.12 
5/16/2006 0.73 0.69 0.53 0.43 0.81 0.89 - - 0.69 0.63 0.82 0.81 0.67 0.65 0.84 0.79 0.70 0.74 
5/19/2006 0.73 0.62 0.52 0.43 0.86 0.79 - - 0.75 0.77 0.96 0.90 0.87 0.87 0.69 0.74 0.51 0.59 
5/23/2006 0.45 0.42 0.13 0.05 0.51 0.52 - - 0.22 0.16 0.62 0.62 0.21 0.34 0.45 0.53 0.12 0.16 
5/26/2006 0.32 0.27 0.05 0.00 0.42 0.38 0.97 0.91 0.12 0.16 0.44 0.45 0.09 0.15 0.32 0.33 0.02 0.02 
5/30/2006 0.75 0.73 0.66 0.63 0.79 0.78 1.00 0.61 0.77 0.76 0.83 0.80 0.86 0.85 0.76 0.78 0.70 0.74 
6/2/2006 0.33 0.31 0.14 0.06 0.41 0.40 0.98 0.79 0.26 0.38 0.44 0.45 0.21 0.28 0.34 0.41 0.08 0.07 
6/6/2006 0.43 0.43 0.19 0.14 0.47 0.40 0.99 1.00 0.37 0.37 0.51 0.53 0.46 0.44 0.50 0.47 0.26 0.28 
6/9/2006 0.77 0.70 0.61 0.53 0.81 0.78 0.99 0.93 0.60 0.69 0.81 0.80 0.65 0.70 0.82 0.74 0.70 0.68 
6/13/2006 0.57 0.59 0.52 0.51 0.62 0.62 - - 0.60 0.66 0.66 0.67 0.68 0.67 0.61 0.60 0.57 0.56 
6/16/2006 0.66 0.70 0.58 0.58 0.73 0.90 1.00 0.76 0.85 0.66 0.72 0.73 0.73 0.77 0.73 0.68 0.64 0.70 
6/20/2006 0.48 0.47 0.25 0.17 0.52 0.48 1.00 0.86 0.00 0.30 0.58 0.56 0.33 0.32 0.54 0.54 0.22 0.24 
6/23/2006 0.51 0.52 0.26 0.07 0.58 0.53 0.95 0.45 0.24 0.32 0.66 0.66 0.39 0.41 0.56 0.58 0.18 0.34 
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Date TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
6/27/2006 0.64 0.65 0.59 0.59 0.68 0.67 - - 0.66 0.65 0.72 0.71 0.72 0.70 0.69 0.69 0.64 0.64 
6/30/2006 0.66 0.75 0.66 0.65 0.77 0.75 1.00 0.95 0.71 0.69 0.78 0.78 0.76 0.74 0.80 0.79 0.67 0.70 
7/4/2006 0.64 0.65 0.45 0.44 0.66 0.66 1.00 0.93 0.52 0.49 0.66 0.71 0.60 0.61 0.60 0.62 0.45 0.40 
7/7/2006 0.48 0.53 0.37 0.35 0.56 0.55 0.98 0.90 0.36 0.40 0.63 0.58 0.48 0.48 0.58 0.58 0.41 0.40 
7/11/2006 0.55 0.66 0.56 0.53 0.68 0.64 0.99 0.99 0.59 0.40 0.66 0.73 0.73 0.75 0.69 0.70 0.58 0.64 
7/14/2006 0.51 0.52 0.39 0.36 0.60 0.57 0.99 0.88 0.48 0.45 0.63 0.67 0.56 0.61 0.59 0.58 0.45 0.47 
7/18/2006 0.57 0.60 0.50 0.49 0.62 0.59 1.00 0.65 0.53 0.56 0.54 0.49 0.38 0.32 0.59 0.61 0.47 0.55 
                   
Average 0.59 0.57 0.41 0.35 0.63 0.62 0.96 0.86 0.45 0.43 0.70 0.68 0.48 0.49 0.61 0.63 0.41 0.42 
RPD 3.85 13.38 1.19 11.09 2.98 2.30 0.69 2.16 2.80 
s 0.159 0.175 0.228 0.240 0.156 0.169 0.093 0.141 0.231 0.225 0.133 0.129 0.236 0.231 0.150 0.138 0.239 0.239 
s2 0.025 0.031 0.052 0.058 0.024 0.029 0.009 0.020 0.053 0.051 0.018 0.017 0.056 0.054 0.023 0.019 0.057 0.057 
n 104 104 104 104 104 104 59 57 103 103 103 103 103 103 102 101 101 102 
Average 0.58 0.38 0.63 0.91 0.44 0.69 0.48 0.62 0.41 
RPD (Plants 
no plants) -7.97 -14.86           -10.60 -15.43 
RPD (Tire 
crumb vs EC) -6.96 -8.79 -9.59   -9.34         
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Date: 12/2/05   Chamber: 
C1 
Irr. Amount: 37.71 L 
Irrigation is to take 10 minutes from start to finish     
Control Chamber Hydrograph Data 
        





Average  Average  Average  Average  Average 
0 0 0.00      
1 10.25 2.97 1.49 0.74 0.37 0.19 0.09 
2 10.8 3.13 3.05 2.27 1.51 0.94 0.56 
3 8.25 2.39 2.76 2.91 2.59 2.05 1.49 
4 9.25 2.68 2.54 2.65 2.78 2.68 2.37 
5 13.75 3.99 3.34 2.94 2.79 2.79 2.74 
6 17 4.93 4.46 3.90 3.42 3.11 2.95 
7 13.6 3.95 4.44 4.45 4.17 3.80 3.45 
8 9.9 2.87 3.41 3.92 4.19 4.18 3.99 
9 11.5 3.34 3.10 3.26 3.59 3.89 4.03 
10 11.5 3.34 3.34 3.22 3.24 3.41 3.65 
11 8.7 2.52 2.93 3.13 3.18 3.21 3.31 
12 1 0.29 1.41 2.17 2.65 2.91 3.06 
13 0.25 0.07 0.18 0.79 1.48 2.07 2.49 
14 0.1 0.03 0.05 0.12 0.46 0.97 1.52 
Total 
Volume 
 36.51 36.49     
% Returned 96.82 0.97 0.97     
i= 
(liters/min) 
3.771       
equivalent 
in/hr 








































Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph EO1 
    






0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0 0.00 0.00 
7 0.1 0.03 0.01 
8 0.9 0.26 0.15 
9 1.7 0.49 0.38 
10 2.2 0.64 0.57 
11 2.4 0.70 0.67 
12 2.8 0.81 0.75 
13 2.9 0.84 0.83 
14 2.9 0.84 0.84 
15 2.9 0.84 0.84 
16 2.8 0.81 0.83 
17 2.7 0.78 0.80 
18 2.6 0.75 0.77 
19 2.4 0.70 0.73 
20 2.4 0.70 0.70 
21 2.3 0.67 0.68 
22 2.2 0.64 0.65 
23 2.1 0.61 0.62 
24 2 0.58 0.59 
25 1.9 0.55 0.57 
26 1.8 0.52 0.54 
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27 1.8 0.52 0.52 
28 1.7 0.49 0.51 
29 1.6 0.46 0.48 
30 1.6 0.46 0.46 
31 1.5 0.44 0.45 
32 1.4 0.41 0.42 
33 1.4 0.41 0.41 
34 1.3 0.38 0.39 
35 1.2 0.35 0.36 
36 1.1 0.32 0.33 
37 1 0.29 0.30 
38 1 0.29 0.29 
39 0.9 0.26 0.28 
40 0.8 0.23 0.25 
41 0.7 0.20 0.22 
42 0.7 0.20 0.20 
43 0.6 0.17 0.19 
44 0.5 0.15 0.16 
45 0.5 0.15 0.15 
Total Volume  18.94 18.87 
% Returned 50.24 0.50 0.50 
i= (liters/min) 3.771   












































Irr. Amount: 37.71 L 
Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph EO1 
     





Average  Average  
0 0 0.00   
1 0 0.00 0.00 0.00 
2 0 0.00 0.00 0.00 
3 0 0.00 0.00 0.00 
4 0 0.00 0.00 0.00 
5 0.1 0.03 0.01 0.01 
6 0.4 0.12 0.07 0.04 
7 0.5 0.15 0.13 0.10 
8 1.2 0.35 0.25 0.19 
9 2.1 0.61 0.48 0.36 
10 2.9 0.84 0.73 0.60 
11 3.3 0.96 0.90 0.81 
12 3.4 0.99 0.97 0.94 
13 3.4 0.99 0.99 0.98 
14 3.4 0.99 0.99 0.99 
15 3.1 0.90 0.94 0.96 
16 3.4 0.99 0.94 0.94 
17 2.2 0.64 0.81 0.88 
18 2.6 0.75 0.70 0.75 
19 2.5 0.73 0.74 0.72 
20 2.4 0.70 0.71 0.73 
21 2.4 0.70 0.70 0.70 
22 2.2 0.64 0.67 0.68 
23 2.2 0.64 0.64 0.65 
24 2.2 0.64 0.64 0.64 





Average  Average  
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25 1.96 0.57 0.60 0.62 
26 1.9 0.55 0.56 0.58 
27 1.9 0.55 0.55 0.56 
28 1.8 0.52 0.54 0.54 
29 1.7 0.49 0.51 0.52 
30 1.6 0.46 0.48 0.49 
31 1.5 0.44 0.45 0.46 
32 1.7 0.49 0.46 0.46 
33 1.1 0.32 0.41 0.44 
34 1.3 0.38 0.35 0.38 
35 1.2 0.35 0.36 0.36 
36 1.2 0.35 0.35 0.36 
37 0.9 0.26 0.30 0.33 
38 1 0.29 0.28 0.29 
39 1 0.29 0.29 0.28 
40 1 0.29 0.29 0.29 
41 0.9 0.26 0.28 0.28 
42 0.8 0.23 0.25 0.26 
43 0.8 0.23 0.23 0.24 
44 0.7 0.20 0.22 0.22 
45 0.6 0.17 0.19 0.20 
Total 
Volume 
 21.02 20.93 20.84 
% Returned 55.74 0.56 0.56 0.55 
i= 
(liters/min) 
3.771    
equivalent 
in/hr 







































Irr. Amount: 37.71 L 
Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph EO1 
     





Average  Average  
0 0 0.00   
1 0 0.00 0.00 0.00 
2 0 0.00 0.00 0.00 
3 0 0.00 0.00 0.00 
4 0 0.00 0.00 0.00 
5 0 0.00 0.00 0.00 
6 0 0.00 0.00 0.00 
7 0 0.00 0.00 0.00 
8 0.25 0.07 0.04 0.02 
9 2 0.58 0.33 0.18 
10 3.15 0.91 0.75 0.54 
11 4 1.16 1.04 0.89 
12 4.4 1.28 1.22 1.13 
13 4.8 1.39 1.33 1.28 
14 4 1.16 1.28 1.31 
15 3.95 1.15 1.15 1.21 
16 3.9 1.13 1.14 1.15 
17 3.4 0.99 1.06 1.10 
18 3.1 0.90 0.94 1.00 
19 2.95 0.86 0.88 0.91 
20 2.6 0.75 0.81 0.84 
21 2.3 0.67 0.71 0.76 
22 2.1 0.61 0.64 0.67 
23 1.95 0.57 0.59 0.61 
24 1.8 0.52 0.54 0.57 
25 1.5 0.44 0.48 0.51 
26 1.35 0.39 0.41 0.45 
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Average  Average  
27 1.2 0.35 0.37 0.39 
28 1.1 0.32 0.33 0.35 
29 1 0.29 0.30 0.32 
30 0.95 0.28 0.28 0.29 
31 0.9 0.26 0.27 0.28 
32 0.8 0.23 0.25 0.26 
33 0.75 0.22 0.22 0.24 
34 0.7 0.20 0.21 0.22 
35 0.6 0.17 0.19 0.20 
Total 
Volume 
 17.84 17.75 17.66 
% Returned 47.31 0.47 0.47 0.47 
i= 
(liters/min) 
3.771    
equivalent 
in/hr 


















































Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph EO1 
    






0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0.2 0.06 0.03 
5 0.9 0.26 0.16 
6 1.2 0.35 0.30 
7 1.4 0.41 0.38 
8 1.8 0.52 0.46 
9 2.1 0.61 0.57 
10 2.3 0.67 0.64 
11 2.5 0.73 0.70 
12 2.8 0.81 0.77 
13 2.8 0.81 0.81 
14 2.7 0.78 0.80 
15 2.6 0.75 0.77 
16 2.6 0.75 0.75 
17 2.5 0.73 0.74 
18 2.4 0.70 0.71 
19 2.4 0.70 0.70 
20 2.4 0.70 0.70 
21 2.2 0.64 0.67 
22 2.1 0.61 0.62 
23 2.1 0.61 0.61 
24 2.1 0.61 0.61 
25 2 0.58 0.59 
26 2 0.58 0.58 
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27 2 0.58 0.58 
28 2 0.58 0.58 
29 1.9 0.55 0.57 
30 1.9 0.55 0.55 
31 1.9 0.55 0.55 
32 1.7 0.49 0.52 
33 1.7 0.49 0.49 
34 1.7 0.49 0.49 
35 1.7 0.49 0.49 
36 1.5 0.44 0.46 
37 1.4 0.41 0.42 
38 1.4 0.41 0.41 
39 1.4 0.41 0.41 
40 1.3 0.38 0.39 
41 1.3 0.38 0.38 
42 1.3 0.38 0.38 
43 1.2 0.35 0.36 
44 1.2 0.35 0.35 
45 1.1 0.32 0.33 
46 1.1 0.32 0.32 
47 1.1 0.32 0.32 
48 1 0.29 0.30 
49 1 0.29 0.29 
50 1 0.29 0.29 
51 0.9 0.26 0.28 
52 0.9 0.26 0.26 
53 0.8 0.23 0.25 
Total 
Volume 
 24.80 22.38 
% Returned 65.78 0.66 0.59 
i= 
(liters/min) 
3.771   
equivalent 
in/hr 
6   
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   Chamber: 
EVO1 
Irr. Amount: 37.71 L  
  Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph EVO1 
        











0 0 0.00  31 0.32 0.09 0.13 
1 0 0.00  32 0.32 0.09 0.09 
2 0 0.00 0.00 33 0.32 0.09 0.09 
3 0 0.00 0.00 34 0.32 0.09 0.09 
4 0 0.00 0.00 35 0.32 0.09 0.09 
5 0.1 0.03 0.01 36 0.32 0.09 0.09 
6 0.4 0.12 0.07 37 0.32 0.09 0.09 
7 1.5 0.44 0.28 38 0.32 0.09 0.09 
8 5 1.45 0.94 39 0.32 0.09 0.09 
9 7.5 2.18 1.81 40 0.32 0.09 0.09 
10 6 1.74 1.96    0.05 
11 6.9 2.00 1.87 Total 
Volume 
 16.13 16.13 
12 3.5 1.02 1.51 % Returned 42.77 C=0.43 0.43 
13 2.75 0.80 0.91 i= 
(liters/min) 
3.771   
14 3.15 0.91 0.86 equivalent 
in/hr 
6   
15 2.3 0.67 0.79     
16 1.3 0.38 0.52     
17 1.3 0.38 0.38     
18 1.3 0.38 0.38     
19 1.3 0.38 0.38     
20 1.3 0.38 0.38     
21 0.78 0.23 0.30     
22 0.78 0.23 0.23     
23 0.78 0.23 0.23     
24 0.78 0.23 0.23     
25 0.78 0.23 0.23     
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26 0.58 0.17 0.20     
27 0.58 0.17 0.17     
28 0.58 0.17 0.17     
29 0.58 0.17 0.17     






















































Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph 
EVO1 
    






0 0 0.00  
1 0 0.00  
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0 0.00 0.00 
7 0.1 0.03 0.01 
8 1.2 0.35 0.19 
9 4 1.16 0.75 
10 6.1 1.77 1.47 
11 8.6 2.49 2.13 
12 6.9 2.00 2.25 
13 5.1 1.48 1.74 
14 4.2 1.22 1.35 
15 3.4 0.99 1.10 
16 2.8 0.81 0.90 
17 2.2 0.64 0.73 
18 2 0.58 0.61 
19 1.6 0.46 0.52 
20 1.4 0.41 0.44 
21 1.2 0.35 0.38 
22 1.1 0.32 0.33 
23 1 0.29 0.30 
24 0.9 0.26 0.28 
25 0.8 0.23 0.25 
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26 0.8 0.23 0.23 
27 0.7 0.20 0.22 
28 0.6 0.17 0.19 
29 0.6 0.17 0.17 
30 0.6 0.17 0.17 
Total 
Volume 
 16.80 16.71 
% Returned 44.54 C=0.45 0.44 
i= 
(liters/min) 
3.771   
equivalent 
in/hr 



















































Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph 
EVO1 
    






0 0 0.00  
1 0 0.00  
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0 0.00 0.00 
7 0.2 0.06 0.03 
8 3 0.87 0.46 
9 5.1 1.48 1.17 
10 5.8 1.68 1.58 
11 6.4 1.86 1.77 
12 6 1.74 1.80 
13 4.9 1.42 1.58 
14 3.8 1.10 1.26 
15 3.1 0.90 1.00 
16 2.5 0.73 0.81 
17 2.1 0.61 0.67 
18 1.8 0.52 0.57 
19 1.5 0.44 0.48 
20 1.3 0.38 0.41 
21 1.1 0.32 0.35 
22 1 0.29 0.30 
23 0.9 0.26 0.28 
24 0.8 0.23 0.25 
25 0.7 0.20 0.22 
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 15.09 14.98 
% Returned 40.00 0.40 0.40 
i= 
(liters/min) 
3.771   
equivalent 
in/hr 



























































Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph 
EVO1 
    






0 0 0.00  
1 0 0.00  
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0 0.00 0.00 
7 0.05 0.01 0.01 
8 1.05 0.30 0.16 
9 3.3 0.96 0.63 
10 5.7 1.65 1.31 
11 7 2.03 1.84 
12 5.95 1.73 1.88 
13 4.2 1.22 1.47 
14 3.2 0.93 1.07 
15 2.5 0.73 0.83 
16 2 0.58 0.65 
17 1.8 0.52 0.55 
18 1.2 0.35 0.44 
19 1.1 0.32 0.33 
20 1 0.29 0.30 
21 0.9 0.26 0.28 
22 0.8 0.23 0.25 
23 0.7 0.20 0.22 
24 0.6 0.17 0.19 
25 0.55 0.16 0.17 
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26 0.45 0.13 0.15 
27 0.4 0.12 0.12 
28 0.35 0.10 0.11 
29 0.32 0.09 0.10 
30 0.3 0.09 0.09 
Total 
Volume 
 13.18 13.13 
% Returned 34.94 0.35 0.35 
i= 
(liters/min) 
3.771   
equivalent 
in/hr 


















































Date: 1/27/06  Chamber: TO1 Irr. Amount: 
37.71 L 
Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph TO1 
    
Time [min] In. Collected Volume 
Collected [L] 
Average 
0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0.05 0.01 0.01 
7 0.4 0.12 0.07 
8 1.5 0.44 0.28 
9 2.6 0.75 0.59 
10 3.5 1.02 0.88 
11 4.5 1.31 1.16 
12 5.1 1.48 1.39 
13 5 1.45 1.47 
14 4.7 1.36 1.41 
15 4.3 1.25 1.31 
16 4 1.16 1.20 
17 3.7 1.07 1.12 
18 3.3 0.96 1.02 
19 3.1 0.90 0.93 
20 2.8 0.81 0.86 
21 2.5 0.73 0.77 
22 2.4 0.70 0.71 
23 2.2 0.64 0.67 
24 1.9 0.55 0.59 
25 1.8 0.52 0.54 
26 1.6 0.46 0.49 
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Time [min] In. Collected Volume 
Collected [L] 
Average 
27 1.4 0.41 0.44 
28 1.3 0.38 0.39 
29 1.2 0.35 0.36 
30 1.1 0.32 0.33 
31 1 0.29 0.30 
32 0.9 0.26 0.28 
33 0.8 0.23 0.25 
34 0.7 0.20 0.22 
35 0.6 0.17 0.19 
Total Volume  20.29 20.21 
% Returned 53.81 0.54 0.54 
i= (liters/min) 3.771   














































Date: 1/27/06  Chamber: TO1 Irr. Amount: 
37.71 L 
Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph TO1 
    
Time [min] In. Collected Volume 
Collected [L] 
Average 
0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0.05 0.01 0.01 
7 0.4 0.12 0.07 
8 1.5 0.44 0.28 
9 2.6 0.75 0.59 
10 3.5 1.02 0.88 
11 4.5 1.31 1.16 
12 5.1 1.48 1.39 
13 5 1.45 1.47 
14 4.7 1.36 1.41 
15 4.3 1.25 1.31 
16 4 1.16 1.20 
17 3.7 1.07 1.12 
18 3.3 0.96 1.02 
19 3.1 0.90 0.93 
20 2.8 0.81 0.86 
21 2.5 0.73 0.77 
22 2.4 0.70 0.71 
23 2.2 0.64 0.67 
24 1.9 0.55 0.59 
25 1.8 0.52 0.54 
26 1.6 0.46 0.49 
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Time [min] In. Collected Volume 
Collected [L] 
Average 
27 1.4 0.41 0.44 
28 1.3 0.38 0.39 
29 1.2 0.35 0.36 
30 1.1 0.32 0.33 
31 1 0.29 0.30 
32 0.9 0.26 0.28 
33 0.8 0.23 0.25 
34 0.7 0.20 0.22 
35 0.6 0.17 0.19 
Total Volume  20.29 20.21 
% Returned 53.81 0.54 0.54 
i= (liters/min) 3.771   














































Date: 4/28/06  Chamber: TO1 Irr. Amount: 
37.71 L 
Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph TO1 
    
Time [min] In. Collected Volume 
Collected [L] 
Average 
0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0 0.00 0.00 
7 0.7 0.20 0.10 
8 3.2 0.93 0.57 
9 4.1 1.19 1.06 
10 5.3 1.54 1.36 
11 5.7 1.65 1.60 
12 5.4 1.57 1.61 
13 4.4 1.28 1.42 
14 4 1.16 1.22 
15 3.6 1.04 1.10 
16 2.9 0.84 0.94 
17 2.5 0.73 0.78 
18 2.1 0.61 0.67 
19 1.7 0.49 0.55 
20 1.5 0.44 0.46 
21 1.3 0.38 0.41 
22 1.1 0.32 0.35 
23 0.9 0.26 0.29 
24 0.8 0.23 0.25 
25 0.7 0.20 0.22 
26 0.6 0.17 0.19 
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Time [min] In. Collected Volume 
Collected [L] 
Average 
27 0.6 0.17 0.17 
28 0.5 0.15 0.16 
29 0.4 0.12 0.13 
30 0.4 0.12 0.12 
Total Volume  15.78 15.72 
% Returned 41.85 0.42 0.42 
i= (liters/min) 3.771   


















































Date: 7/18/06  Chamber: TO1 Irr. Amount: 
37.71 L 
Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph TO1 
    
Time [min] In. Collected Volume 
Collected [L] 
Average 
0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0.1 0.03 0.01 
4 0.5 0.15 0.09 
5 1.9 0.55 0.35 
6 4.4 1.28 0.91 
7 5.7 1.65 1.47 
8 6.4 1.86 1.76 
9 7.1 2.06 1.96 
10 7.4 2.15 2.10 
11 7.9 2.29 2.22 
12 7.7 2.23 2.26 
13 7 2.03 2.13 
14 5.4 1.57 1.80 
15 5 1.45 1.51 
16 4.3 1.25 1.35 
17 3.8 1.10 1.17 
18 3.2 0.93 1.02 
19 2.7 0.78 0.86 
20 2.2 0.64 0.71 
21 1.9 0.55 0.59 
22 1.5 0.44 0.49 
23 1.3 0.38 0.41 
24 1.1 0.32 0.35 
25 1 0.29 0.30 
26 0.9 0.26 0.28 
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Time [min] In. Collected Volume 
Collected [L] 
Average 
27 0.8 0.23 0.25 
Total Volume  26.46 26.34 
% Returned 70.16 0.70 0.70 
i= (liters/min) 3.771   




















































Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph TVO1 
    
Time [min] In. Collected Volume 
Collected [L] 
Average 
0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0.8 0.23 0.12 
7 2.9 0.84 0.54 
8 5.5 1.60 1.22 
9 6.2 1.80 1.70 
10 6.9 2.00 1.90 
11 7.5 2.18 2.09 
12 7.4 2.15 2.16 
13 6 1.74 1.94 
14 4.8 1.39 1.57 
15 3.95 1.15 1.27 
16 3.1 0.90 1.02 
17 2.5 0.73 0.81 
18 2 0.58 0.65 
19 1.5 0.44 0.51 
20 1.2 0.35 0.39 
21 1.1 0.32 0.33 
22 0.95 0.28 0.30 
23 0.85 0.25 0.26 
24 0.75 0.22 0.23 
25 0.6 0.17 0.20 
26 0.6 0.17 0.17 
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Time [min] In. Collected Volume 
Collected [L] 
Average 
27 0.5 0.15 0.16 
28 0.5 0.15 0.15 
29 0.4 0.12 0.13 
30 0.3 0.09 0.10 
Total Volume  19.96 19.92 
% Returned 52.93 0.53 0.53 
i= (liters/min) 3.771   


















































Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph TVO1 
    
Time [min] In. Collected Volume 
Collected [L] 
Average 
0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0 0.00 0.00 
7 0.2 0.06 0.03 
8 3.8 1.10 0.58 
9 5.8 1.68 1.39 
10 7 2.03 1.86 
11 7.2 2.09 2.06 
12 7 2.03 2.06 
13 5.8 1.68 1.86 
14 4.8 1.39 1.54 
15 4 1.16 1.28 
16 3.6 1.04 1.10 
17 2.7 0.78 0.91 
18 2.4 0.70 0.74 
19 1.9 0.55 0.62 
20 1.6 0.46 0.51 
21 1.3 0.38 0.42 
22 1.2 0.35 0.36 
23 1 0.29 0.32 
24 0.8 0.23 0.26 
25 0.7 0.20 0.22 
Total Volume  18.22 18.12 
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Time [min] In. Collected Volume 
Collected [L] 
Average 
% Returned 48.31 0.48 0.48 
i= (liters/min) 3.771   






















































Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph TVO1 
    
Time [min] In. Collected Volume 
Collected [L] 
Average 
0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0 0.00 0.00 
4 0 0.00 0.00 
5 0 0.00 0.00 
6 0 0.00 0.00 
7 0.05 0.01 0.01 
8 1 0.29 0.15 
9 3.2 0.93 0.61 
10 5 1.45 1.19 
11 6.5 1.89 1.67 
12 5.95 1.73 1.81 
13 4.5 1.31 1.52 
14 3.7 1.07 1.19 
15 2.7 0.78 0.93 
16 2.05 0.59 0.69 
17 1.75 0.51 0.55 
18 1.3 0.38 0.44 
19 1.2 0.35 0.36 
20 1 0.29 0.32 
21 0.9 0.26 0.28 
22 0.8 0.23 0.25 
23 0.7 0.20 0.22 
24 0.65 0.19 0.20 
25 0.6 0.17 0.18 
26 0.55 0.16 0.17 
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Time [min] In. Collected Volume 
Collected [L] 
Average 
27 0.5 0.15 0.15 
28 0.45 0.13 0.14 
29 0.4 0.12 0.12 
30 0.35 0.10 0.11 
Total Volume  13.29 13.24 
% Returned 35.23 0.35 0.35 
i= (liters/min) 3.771   























































Irrigation is to take 10 minutes from start to finish 
Green Roof Hydrograph TVO1 
    
Time [min] In. Collected Volume 
Collected [L] 
Average 
0 0 0.00  
1 0 0.00 0.00 
2 0 0.00 0.00 
3 0.05 0.01 0.01 
4 0.6 0.17 0.09 
5 3 0.87 0.52 
6 5.4 1.57 1.22 
7 7 2.03 1.80 
8 8.7 2.52 2.28 
9 9.5 2.76 2.64 
10 9.7 2.81 2.78 
11 10 2.90 2.86 
12 7.25 2.10 2.50 
13 6 1.74 1.92 
14 4.7 1.36 1.55 
15 3.2 0.93 1.15 
16 2.4 0.70 0.81 
17 1.75 0.51 0.60 
18 1.3 0.38 0.44 
19 1.2 0.35 0.36 
20 1 0.29 0.32 
21 1 0.29 0.29 
22 0.9 0.26 0.28 
23 0.8 0.23 0.25 
Total Volume  24.79 24.67 
% Returned 65.74 0.66 0.65 
i= (liters/min) 3.771   
equivalent in/hr 6   
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α = 0.05 zα = 1.645
TVO1 TVO2 TVR1 TVR2 TO1 TO2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2
Average 0.15 0.16 0.13 0.14 0.13 0.14 0.11 0.12 0.11 0.11 0.10 0.10 0.13 0.13 0.12 0.12
s 0.086 0.087 0.081 0.081 0.072 0.076 0.058 0.055 0.056 0.056 0.052 0.052 0.062 0.064 0.057 0.057
s2 0.007 0.008 0.007 0.007 0.005 0.006 0.003 0.003 0.003 0.003 0.003 0.003 0.004 0.004 0.003 0.003
n 103 103 103 103 103 103 102 102 102 102 102 102 79 79 79 79
z1 1.693 1.577 2.195 2.309 0.537 1.249 1.665 1.376
HO1 R A R R A A R A
z2 1.532 2.016 1.757 2.654 3.006 2.036 1.820 1.814
HO2 A R R R R R R R
z3 1.466 2.686 1.179 2.431 2.861 2.773 1.281 1.873
HO3 A R A R R R A R
ET Hypothesis Tests
Media and vegetation are held constant, ET Rates for Over irrigation = ET Rates for Regular irrigation
Media and vegetation are held constant, ET Rates for Over irrigation > ET Rates for Regular irrigation
Media and irrigation rates are held constant, ET Rates for Vegetated boxes = ET Rates for Non Vegetated boxes
Media and irrigation rates are held constant, ET Rates for Vegetated boxes > ET Rates for Non Vegetated boxes
Irrigation rates and vegetation is held constant, ET Rates for Black & Gold = ET Rates for Expanded Clay
Irrigation rates and vegetation is held constant, ET Rates for Black & Gold > ET Rates for Expanded Clay









α = 0.05 zα = 1.645 -zα = -1.65
TVO1 TVO2 TVR1 TVR2 TO1 TO2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2
Average 0.59 0.57 0.41 0.35 0.63 0.62 0.45 0.43 0.70 0.68 0.48 0.49 0.61 0.62 0.39 0.39
s 0.159 0.175 0.228 0.240 0.156 0.169 0.231 0.225 0.133 0.129 0.236 0.231 0.148 0.134 0.236 0.237
s2 0.025 0.031 0.052 0.058 0.024 0.029 0.053 0.051 0.018 0.017 0.056 0.054 0.022 0.018 0.056 0.056
n 104 104 104 104 104 104 103 103 103 103 103 103 78 77 77 78
z1 6.793 7.330 6.689 6.839 8.105 7.538 7.015 7.353
HO1 R R R R R R R R
z2 -1.861 -2.327 -1.320 -2.467 -4.169 -3.131 -2.675 -2.621
HO2 R R A R R R R R
z3 -0.843 -2.273 0.508 -1.098 -3.342 -2.825 -1.078 -1.619
HO3 A R A A R R A A
Filtrate Factor Hypothesis Tests
When media and vegetation is held constant, The f Factor for Over irrigation = f Factor for Regular irrigation
When media and vegetation is held constant, f Factor for Over irrigation > f Factor for Regular irrigation
When media and irrigation rates are held constant, f Factor for Vegetated boxes = f Factor for Non Vegetated boxes
When media and irrigation rates are held constant, f Factor for Vegetated boxes < f Factor for Non Vegetated boxes
When irrigation rates and vegetation is held constant, f Factor for Black & Gold = f Factor for Expanded Clay
When irrigation rates and vegetation is held constant, f Factor for Black & Gold < f Factor for Expanded Clay




APPENDIX D: WATER BUDGET RAW DATA 
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[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
             
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers. 
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 









































7/8/2005 10:00 0.00 154.50 0.00 37.86 37.71 158.48 - -  -  
7/11/2005 9:30 31.34 160.87 0.00 31.55 37.71 155.70 32.54 0.29  0.49  
7/15/2005 10:00 3.02 154.90 0.00 25.99 37.71 144.15 13.77 0.09  0.65  
7/18/2005 10:00 24.17 143.35 0.00 40.76 37.71 146.54 20.98 0.19  0.65  
7/21/2005 9:00 137.07 145.74 -65.27 121.61 0.00 191.14 65.79 0.58  0.62  
7/22/2005 10:45 18.12 191.14 -1.02 6.06 37.71 159.68 12.15 -  0.33  
7/25/2005 10:00 0.00 159.68 0.00 24.37 37.71 146.54 13.17 -  0.64  
7/29/2005 11:00 0.00 146.14 -68.17 16.59 37.71 60.53 21.07 0.14 0.26 0.42 0.54 
8/1/2005 10:00 9.44 60.13 0.00 10.73 37.71 33.45 34.92 0.31  0.23  
8/5/2005 9:15 58.91 34.25 0.00 66.14 37.71 65.30 29.04 0.19  0.70  
8/8/2005 16:00 64.19 65.30 0.00 69.04 45.84 87.21 34.34 0.30  0.66  
8/12/2005 10:40 15.10 86.81 0.00 39.09 37.71 88.40 21.01 0.14  0.64  
8/15/2005 10:30 24.92 88.00 0.00 36.55 37.71 86.01 25.34 0.22  0.58  
8/19/2005 9:00 3.02 86.41 0.00 27.99 37.71 77.65 12.98 0.09  0.67  
8/22/2005 10:00 0.00 77.25 0.00 14.74 37.71 54.95 20.73 0.18  0.40  
8/25/2005 14:00 11.71 54.95 0.00 14.91 0.00 69.29 33.22 0.29  0.30  
8/29/2005 9:45 7.93 69.29 -2.03 0.00 37.71 31.06 7.93 0.05 0.20 0.00 0.46 
9/2/2005 10:00 60.42 30.66 0.00 48.45 37.71 41.41 49.27 0.33  0.49  
9/5/2005 13:30 17.37 41.01 33.80 43.15 37.71 78.05 12.20 0.11  0.77  
9/9/2005 10:00 45.69 78.05 0.00 46.82 37.71 86.81 37.33 0.25  0.54  










































9/16/2005 9:30 0.00 80.44 0.00 17.41 37.71 61.32 18.73 0.12  0.47  
9/19/2005 11:00 0.00 60.92 -4.06 10.59 37.71 30.66 26.29 0.23  0.26  
9/24/2005 9:30 104.22 30.26 0.00 88.74 37.71 82.43 52.85 0.28  0.62  
9/26/2005 10:00 0.00 82.03 -1.02 28.87 37.71 72.47 8.37 0.11  0.76  
9/30/2005 10:00 14.35 72.47 0.00 28.98 37.71 63.71 22.72 0.15 0.18 0.54 0.58 
10/3/2005 10:30 13.22 63.71 -1.02 27.44 37.71 52.56 23.18 0.20  0.52  
10/7/2005 9:30 97.42 52.16 0.00 94.28 37.71 115.88 39.30 0.26  0.70  
10/10/2005 10:30 15.86 116.27 -1.02 45.63 37.71 121.45 1.60 0.01  0.96  
10/14/2005 10:00 19.64 122.65 0.00 37.28 37.71 122.65 21.22 0.14  0.63  
10/17/2005 11:00 0.00 121.85 -2.03 27.01 37.71 109.90 9.17 0.08  0.74  
10/21/2005 10:30 0.00 109.90 0.00 21.99 37.71 95.57 14.74 0.10  0.59  
10/26/2005 11:30 189.18 95.17 -130.55 211.78 0.00 180.78 11.60 0.06  0.95  
10/28/2005 10:30 0.00 180.38 0.00 0.00 37.71 144.15 0.00 0.00  -  
10/31/2005 10:30 0.00 143.75 -3.05 21.12 37.71 124.64 15.94 0.14 0.11 0.56 0.71 
11/4/2005 10:30 20.77 124.24 0.00 40.03 37.71 126.63 17.99 0.12  0.68  
11/7/2005 11:00 0.00 126.63 -3.05 24.60 37.71 111.10 11.96 0.11  0.66  
11/11/2005 11:30 0.00 110.70 0.00 27.41 37.71 100.35 9.17 0.06  0.74  
11/14/2005 11:00 1.51 100.35 -1.02 20.28 37.71 82.83 19.04 0.17  0.50  
11/18/2005 11:30 0.00 82.83 0.00 26.69 37.71 72.47 10.37 0.07  0.71  
11/21/2005 10:00 1.13 73.27 0.00 24.73 37.71 60.53 12.30 0.11  0.66  
11/28/2005 10:30 0.00 60.13 -1.02 27.36 37.71 48.98 10.36 0.04 0.10 0.71 0.67 
12/2/2005 9:30 12.84 49.38 0.00 26.18 37.71 38.63 23.20 0.15  0.53  
12/5/2005 10:30 0.00 37.83 0.00 25.41 37.71 25.88 11.15 0.10  0.69  
12/9/2005 12:30 57.77 25.48 0.00 74.19 37.71 60.53 22.33 0.15  0.76  
12/13/2005 11:00 5.66 60.53 -1.02 36.79 37.71 58.14 7.65 0.05  0.82  
12/16/2005 10:30 1.89 58.14 0.00 29.07 37.71 49.78 9.86 0.09  0.74  
12/19/2005 13:00 2.64 49.38 0.00 31.88 37.71 43.01 7.43 0.07  0.81  










































12/27/2005 9:30 0.00 40.22 0.00 26.81 37.71 28.67 9.96 0.07  0.73  
12/30/2005 10:30 0.00 29.07 17.41 24.69 37.71 33.45 13.13 0.12 0.09 0.65 0.74 
1/2/2006 10:30 0.00 33.05 17.41 27.65 37.71 41.41 10.35 0.09  0.72  
1/6/2006 11:00 2.64 40.62 0.00 30.00 37.71 32.65 8.63 0.06  0.77  
1/10/2006 10:30 0.00 33.05 -1.02 23.76 37.71 17.86 13.53 0.09  0.63  
1/13/2006 11:30 0.00 17.52 17.41 26.66 37.71 23.49 11.60 0.10  0.69  
1/17/2006 10:00 26.05 23.89 -1.02 52.07 37.71 36.24 12.51 0.08  0.80  
1/20/2006 11:30 4.91 36.63 0.00 26.86 37.71 25.48 14.86 0.13  0.64  
1/24/2006 11:00 2.27 25.48 -1.02 28.29 37.71 15.53 11.42 0.08  0.71  
1/27/2006 11:00 0.38 14.73 17.41 26.89 37.71 21.90 10.33 0.09  0.72  
1/31/2006 9:00 9.44 20.71 -1.02 26.46 37.71 8.36 20.19 0.13 0.10 0.57 0.70 
2/7/2006 9:30 56.64 9.56 -1.02 74.88 37.71 44.20 21.99 0.08  0.77  
2/10/2006 10:30 0.00 44.60 0.00 23.35 37.71 29.87 13.94 0.12  0.62  
2/14/2006 9:45 6.42 29.47 -1.02 28.46 37.71 18.32 15.98 0.11  0.63  
2/17/2006 11:45 0.00 18.32 17.41 23.79 37.71 21.10 14.33 0.13  0.61  
2/21/2006 9:30 0.00 21.10 16.39 26.20 37.71 25.48 12.34 0.08  0.67  
2/24/2006 10:30 0.00 25.48 17.41 24.25 37.71 29.87 14.33 0.13  0.61  
2/28/2006 9:00 15.10 29.87 0.00 33.68 37.71 21.90 19.09 0.13 0.11 0.63 0.65 
3/3/2006 10:40 0.00 21.90 0.00 25.67 37.71 9.96 13.90 0.12  0.65  
3/7/2006 9:00 0.00 10.35 33.80 22.95 37.71 29.47 15.52 0.10  0.59  
3/10/2006 9:30 0.00 29.87 0.00 20.42 37.71 12.34 16.33 0.14  0.55  
3/13/2006 9:00 0.00 11.95 33.80 22.95 37.71 31.86 15.52 0.14  0.59  
3/17/2006 9:10 0.00 30.66 0.00 22.63 37.71 16.33 13.54 0.09  0.63  
3/21/2006 9:00 0.00 15.53 34.81 17.73 37.71 27.87 20.71 0.14  0.43  
3/24/2006 10:30 0.00 29.07 17.41 17.61 37.71 25.88 21.10 0.19  0.42  
3/28/2006 9:00 0.00 25.09 32.78 19.76 37.71 40.62 16.34 0.11  0.53  
3/31/2006 10:00 0.00 40.62 0.00 17.99 37.71 21.10 18.33 0.16 0.13 0.49 0.54 










































4/7/2006 11:30 0.00 37.43 0.00 16.77 37.71 16.33 19.91 0.18  0.45  
4/11/2006 9:00 29.83 15.53 -2.03 36.52 37.71 12.34 30.62 0.20  0.54  
4/14/2006 10:00 0.00 12.74 34.81 20.42 37.71 30.26 16.72 0.15  0.55  
4/18/2006 9:00 0.00 29.47 -1.02 18.04 37.71 8.36 19.91 0.13  0.46  
4/21/2006 9:00 0.00 9.16 34.81 15.58 37.71 21.90 21.90 0.19  0.40  
4/25/2006 9:00 9.06 21.50 34.81 20.16 37.71 40.22 26.98 0.18  0.41  
4/28/2006 9:00 0.38 39.82 0.00 16.04 37.71 17.92 20.30 0.18 0.17 0.43 0.47 
5/2/2006 10:00 0.00 17.92 33.80 15.03 37.71 30.66 20.30 0.13  0.45  
5/5/2006 9:00 0.00 29.87 34.81 12.16 37.71 39.42 24.69 0.22  0.32  
5/12/2006 9:00 43.42 39.82 0.00 22.31 37.71 24.29 58.16 0.22  0.27  
5/16/2006 10:00 0.00 23.49 0.00 26.37 37.71 12.74 9.95 0.07  0.73  
5/19/2006 10:00 0.00 13.14 34.81 26.08 37.71 37.03 9.95 0.09  0.73  
5/23/2006 10:00 0.00 36.63 15.38 17.90 37.71 32.65 21.09 0.14  0.45  
5/26/2006 10:00 4.15 32.25 34.81 13.40 37.71 43.40 27.65 0.24  0.32  
5/30/2006 10:00 61.17 41.41 -1.02 72.53 37.71 77.25 24.55 0.16 0.16 0.75 0.50 
6/2/2006 10:00 17.37 77.25 0.00 18.91 37.71 58.14 34.91 0.31  0.33  
6/6/2006 10:00 24.54 57.34 -1.02 27.62 37.71 47.78 34.50 0.23  0.43  
6/9/2006 10:00 0.00 47.78 0.00 27.33 37.71 37.43 7.99 0.07  0.77  
6/13/2006 10:00 78.16 37.43 -1.02 68.46 0.00 101.94 49.49 0.33  0.57  
6/16/2006 10:00 21.15 101.94 0.00 14.22 37.71 80.04 7.21 0.06  0.66  
6/20/2006 10:00 6.04 80.04 -1.02 20.80 37.71 62.92 21.58 0.14  0.48  
6/23/2006 10:00 0.00 62.12 0.00 18.62 37.71 44.60 17.53 0.15  0.51  
6/27/2006 10:00 84.96 44.60 -1.02 78.33 37.71 84.82 43.17 0.29  0.64  
6/30/2006 10:00 40.40 85.21 0.00 52.28 37.71 93.98 25.68 0.23 0.20 0.66 0.56 
7/4/2006 10:00 11.71 93.98 0.00 32.29 37.71 91.59 19.22 0.13  0.64  
7/7/2006 10:00 20.39 90.79 0.00 27.99 37.71 82.03 29.16 0.26  0.48  
7/11/2006 10:00 29.08 82.03 -2.03 37.19 37.71 78.05 28.69 0.19  0.55  










































7/18/2006 10:00 47.58 73.27 0.00 47.87 37.71 81.23 35.25 0.23  0.57  
    -263.99         
Notes:             


























[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
    
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
    











































7/8/2005 10:00 0.0 164.06 0.00 27.27 37.71 155.30 - -  -  
7/11/2005 9:30 31.3 159.68 0.00 29.45 37.71 151.32 39.70 0.35  0.41  
7/15/2005 10:00 3.0 151.32 0.00 24.95 37.71 138.57 15.76 0.10  0.59  
7/18/2005 10:00 24.2 138.57 0.00 40.41 37.71 140.96 21.78 0.19  0.64  
7/21/2005 9:00 137.1 140.96 -65.27 127.21 0.00 199.50 51.85 0.46  0.70  
7/22/2005 10:45 18.1 198.70 -1.02 5.51 37.71 170.03 12.55 -  0.31  
7/25/2005 10:00 0.0 169.63 0.00 22.11 37.71 154.50 12.34 -  0.64  
7/29/2005 11:00 0.0 154.50 -101.54 15.46 37.71 32.65 21.90 0.15 0.25 0.40 0.53 
8/1/2005 10:00 9.4 32.65 43.52 6.70 37.71 44.60 39.70 0.35  0.14  
8/5/2005 9:15 58.9 44.60 0.00 63.68 37.71 73.67 31.03 0.21  0.68  
8/8/2005 16:00 64.2 73.27 0.00 68.32 45.84 94.77 34.73 0.31  0.65  
8/12/2005 10:40 15.1 94.37 0.00 36.12 37.71 93.18 23.86 0.16  0.59  
8/15/2005 10:30 24.9 92.78 0.00 32.93 37.71 88.80 29.30 0.26  0.52  
8/19/2005 9:00 3.0 88.40 0.00 25.89 37.71 76.85 13.77 0.09  0.64  
8/22/2005 10:00 0.0 76.85 0.00 9.79 37.71 49.38 26.68 0.24  0.26 
8/25/2005 14:00 11.7 49.38 0.00 10.73 0.00 59.73 38.39 0.34  0.21  
8/29/2005 9:30 7.9 59.73 -2.03 0.00 37.71 20.71 7.93 0.05 0.22 0.00 0.41 
9/2/2005 10:00 60.4 20.71 0.00 40.76 37.71 27.87 58.03 0.38  0.41  
9/5/2005 13:30 17.4 27.48 33.80 31.11 37.71 53.76 20.56 0.18  0.59  












































9/12/2005 10:00 3.8 48.58 -1.02 31.88 37.71 39.02 10.55 0.09  0.74  
9/16/2005 9:30 0.0 41.41 0.00 15.52 37.71 19.11 24.29 0.16  0.39  
9/19/2005 11:00 0.0 18.72 49.32 6.38 37.71 34.64 33.05 0.29  0.13  
9/24/2005 9:30 104.2 34.64 0.00 88.74 37.71 84.02 55.64 0.29  0.61  
9/26/2005 10:00 0.0 84.42 -1.02 29.36 37.71 74.86 8.36 0.11  0.77  
9/30/2005 10:00 14.3 74.86 0.00 31.91 37.71 64.51 23.91 0.16 0.22 0.52 0.50 
10/3/2005 10:30 13.2 64.51 -1.02 26.37 37.71 55.75 24.76 0.22  0.50  
10/7/2005 9:30 97.4 56.15 0.00 120.39 37.71 121.05 28.93 0.19  0.78  
10/10/2005 10:30 15.9 121.85 -1.02 46.42 37.71 128.62 8.29 0.07  0.84  
10/14/2005 10:00 19.6 128.22 0.00 38.87 37.71 129.81 18.44 0.12  0.67  
10/17/2005 11:00 0.0 129.42 -3.05 31.48 37.71 116.67 9.96 0.09  0.72  
10/21/2005 10:30 0.0 116.67 0.00 21.54 37.71 101.54 15.53 0.10  0.57  
10/26/2005 11:30 189.2 101.94 -98.64 211.78 0.00 183.97 47.02 0.31  0.79  
10/28/2005 10:30 0.0 183.97 0.00 0.00 37.71 147.73 0.00 0.00  -  
10/31/2005 10:30 0.0 148.13 -3.05 23.18 37.71 126.63 15.93 0.14 0.14 0.56 0.68 
11/4/2005 10:30 20.8 128.22 0.00 41.85 37.71 132.60 18.78 0.12  0.68  
11/7/2005 11:00 0.0 133.00 -3.05 24.40 37.71 117.87 14.34 0.13  0.60  
11/11/2005 11:30 0.0 117.07 0.00 27.21 37.71 103.53 11.15 0.07  0.67  
11/14/2005 11:00 1.5 103.53 -1.02 23.41 37.71 87.21 18.23 0.16  0.52  
11/18/2005 11:30 0.0 86.81 0.00 26.98 37.71 76.85 9.16 0.06  0.74  
11/21/2005 10:00 1.1 77.65 0.00 24.48 37.71 65.30 13.88 0.12  0.63  
11/28/2005 10:30 0.0 64.91 -1.02 27.39 37.71 53.76 9.56 0.04 0.10 0.73 0.65 
12/2/2005 9:30 12.8 52.96 0.00 25.38 37.71 41.01 23.99 0.16  0.51  
12/5/2005 10:30 0.0 43.80 0.00 24.46 37.71 27.87 15.53 0.14  0.58  
12/9/2005 12:30 57.8 27.87 0.00 77.53 37.71 67.30 19.94 0.13  0.79  
12/13/2005 11:00 5.7 66.90 -1.02 36.96 37.71 64.51 6.46 0.04  0.84  
12/16/2005 10:30 1.9 64.91 0.00 29.42 37.71 56.54 8.66 0.08  0.78  












































12/23/2005 10:00 0.0 50.97 0.00 33.29 37.71 46.99 5.17 0.03  0.86  
12/27/2005 9:30 0.0 46.19 0.00 25.56 37.71 35.44 11.15 0.07  0.69  
12/30/2005 10:30 0.0 33.85 17.41 24.83 37.71 38.23 11.15 0.10 0.09 0.69 0.72 
1/2/2006 10:30 0.0 38.63 17.41 27.27 37.71 45.39 10.35 0.09  0.72  
1/6/2006 11:00 2.6 45.39 0.00 30.52 37.71 38.23 10.21 0.07  0.75  
1/10/2006 10:30 0.0 37.83 -2.03 22.92 37.71 21.50 15.13 0.10  0.59  
1/13/2006 11:30 0.0 21.50 17.41 26.78 37.71 27.08 9.16 0.08  0.75  
1/17/2006 10:00 26.1 26.28 -1.02 54.83 37.71 42.61 10.52 0.07  0.84  
1/20/2006 11:30 4.9 42.61 0.00 25.76 37.71 31.06 16.06 0.14  0.61  
1/24/2006 11:00 2.3 30.26 -1.02 29.47 37.71 21.50 10.23 0.07  0.74  
1/27/2006 11:00 0.4 21.50 17.41 27.94 37.71 29.07 10.33 0.09  0.72  
1/31/2006 9:00 9.4 27.48 -1.02 27.79 37.71 16.72 18.60 0.12 0.09 0.60 0.70 
2/7/2006 9:30 56.6 16.72 -1.02 77.89 37.71 54.95 18.41 0.07  0.80  
2/10/2006 10:30 0.0 54.95 0.00 23.12 37.71 40.62 13.14 0.12  0.64  
2/14/2006 9:45 6.4 40.22 -1.02 28.78 37.71 29.47 16.37 0.11  0.63  
2/17/2006 11:45 0.0 27.87 0.00 25.12 37.71 15.53 11.95 0.11  0.68  
2/21/2006 9:30 0.0 15.13 -1.02 28.08 37.71 4.78 10.94 0.07  0.71  
2/24/2006 10:30 0.0 4.78 17.41 23.85 37.71 6.37 12.74 0.11  0.65  
2/28/2006 9:00 15.1 6.37 34.81 34.64 37.71 36.24 17.89 0.12 0.10 0.66 0.68 
3/3/2006 10:40 0.0 36.24 0.00 25.67 37.71 24.29 14.73 0.13  0.63  
3/7/2006 9:00 0.0 23.89 33.80 22.34 37.71 41.81 15.93 0.11  0.57  
3/10/2006   10:00 0.0 42.61 0.00 19.12 37.71 23.49 18.72 0.17  0.49  
3/13/2006 9:00 0.0 23.49 33.80 22.13 37.71 42.21 16.72 0.15  0.55  
3/17/2006 9:10 0.0 42.21 0.00 22.31 37.71 27.48 14.73 0.10  0.60  
3/21/2006 9:00 0.0 25.88 34.81 14.88 37.71 37.03 22.30 0.15  0.39  
3/24/2006 10:30 0.0 38.23 0.00 15.98 37.71 16.33 21.90 0.19  0.42  












































3/31/2006 10:00 0.0 29.47 17.41 16.54 37.71 25.48 19.91 0.18 0.14 0.46 0.51 
4/4/2006 9:00 0.0 24.29 33.80 11.24 37.71 33.45 26.28 0.17  0.30  
4/7/2006 11:30 0.0 40.22 0.00 15.11 37.71 17.92 22.30 0.20  0.39  
4/11/2006 9:00 29.8 16.72 -2.03 35.74 37.71 11.55 30.23 0.20  0.55  
4/14/2006 10:00 0.0 13.94 34.81 21.41 37.71 31.86 19.91 0.18  0.49  
4/18/2006 9:00 0.0 30.66 -1.02 17.61 37.71 7.96 19.11 0.13  0.48  
4/21/2006 9:00 0.0 8.76 34.81 12.76 37.71 17.92 28.27 0.25  0.28  
4/25/2006 9:00 9.1 19.11 34.81 18.65 37.71 36.24 28.57 0.19  0.39  
4/28/2006 9:00 0.4 36.24 0.00 15.43 37.71 13.54 22.28 0.20 0.19 0.41 0.41 
5/2/2006 10:00 0.0 14.34 33.80 13.40 37.71 23.89 24.69 0.16  0.35  
5/5/2006 9:00 0.0 23.49 34.81 10.59 37.71 33.05 25.09 0.22  0.28  
5/12/2006 9:00 43.4 31.86 17.41 19.52 37.71 31.86 61.34 0.23  0.23  
5/16/2006 10:00 0.0 31.46 0.00 25.65 37.71 19.51 11.55 0.08  0.69  
5/19/2006 10:00 0.0 19.51 34.81 24.05 37.71 41.41 14.34 0.13  0.62  
5/23/2006 10:00 0.0 41.01 15.38 16.80 37.71 35.04 21.50 0.14  0.42  
5/26/2006 10:00 4.2 35.04 34.81 11.58 37.71 44.20 30.04 0.27  0.27  
5/30/2006 10:00 61.2 44.60 -1.02 72.53 37.71 77.65 26.53 0.18 0.18 0.73 0.45 
6/2/2006 10:00 17.4 77.65 0.00 18.91 37.71 57.74 37.28 0.33  0.31  
6/6/2006 10:00 24.5 57.74 -1.02 25.70 37.71 46.59 35.30 0.23  0.43  
6/9/2006 10:00 0.0 46.99 0.00 26.46 37.71 35.44 10.75 0.09  0.70  
6/13/2006 10:00 78.2 34.25 -1.02 72.26 0.00 101.94 46.71 0.31  0.59  
6/16/2006 10:00 21.1 101.14 0.00 14.53 37.71 80.44 6.41 0.06  0.70  
6/20/2006 10:00 6.0 80.04 -1.02 20.19 37.71 62.12 21.97 0.15  0.47  
6/23/2006 10:00 0.0 62.52 0.00 18.71 37.71 43.80 17.52 0.15  0.52  
6/27/2006 10:00 85.0 43.80 -1.02 81.23 37.71 88.40 42.35 0.28  0.65  
6/30/2006 10:00 40.4 88.40 0.00 57.47 37.71 107.51 18.50 0.16 0.20 0.75 0.57 
7/4/2006 10:00 11.7 107.51 0.00 33.36 37.71 103.93 17.28 0.11  0.65  












































7/11/2006 10:00 29.1 93.18 -2.03 46.07 37.71 98.36 23.10 0.15  0.66  
7/14/2006 10:00 22.3 98.75 0.00 33.59 37.71 93.98 28.25 0.25  0.52  
7/18/2006 10:00 47.6 94.37 0.00 50.77 0.00 144.15 33.64 0.22  0.60  
   -265.44   
Notes:    























[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
    
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
    










































7/8/2005 10:00 0.00 176.80 0.00 10.15 18.86 172.02 - -  -  
7/11/2005 9:30 31.34 176.80 0.00 16.46 18.86 174.81 33.73 0.30  0.32  
7/15/2005 10:00 3.02 174.41 0.00 9.20 18.86 164.85 12.18 0.08  0.42  
7/18/2005 10:00 24.17 164.85 0.00 24.43 18.86 168.04 20.18 0.18  0.52  
7/21/2005 9:00 137.07 168.84 -65.27 101.25 0.00 203.48 59.02 0.52  0.62  
7/22/2005 10:45 18.12 203.08 -1.02 5.86 18.86 184.37 12.15 -  0.33  
7/25/2005 10:00 0.00 184.37 0.00 13.78 18.86 179.59 10.35 -  0.57  
7/29/2005 11:00 0.00 179.59 -113.49 2.90 18.86 50.97 15.53 0.10 0.24 0.15 0.42 
8/1/2005 10:00 9.44 50.57 0.00 0.00 18.86 31.86 27.36 0.24  0.00  
8/5/2005 9:15 58.91 31.86 0.00 48.45 18.86 60.53 31.43 0.21  0.60  
8/8/2005 16:00 64.19 59.33 0.00 51.12 22.92 86.81 32.73 0.29  0.60  
8/12/2005 10:40 15.10 86.81 0.00 18.64 18.86 86.41 19.09 0.13  0.48  
8/15/2005 10:30 24.92 86.01 0.00 20.81 0.00 105.12 23.73 0.21  0.45  
8/19/2005 9:00 3.02 105.12 0.00 0.00 18.86 87.60 3.02 0.02  0.00  
8/22/2005 10:00 0.00 87.21 0.00 0.00 18.86 69.29 17.52 0.15  0.00 
8/25/2005 14:30 11.71 69.29 0.00 0.15 0.00 69.29 29.62 0.26  0.00  
8/29/2005 9:45 7.93 69.69 -2.03 0.00 18.86 49.38 7.93 0.05 0.17 0.00 0.24 
9/2/2005 10:00 60.42 49.38 0.00 31.01 18.86 60.92 48.87 0.32  0.38  











































9/9/2005 10:00 45.69 65.70 0.00 29.30 18.86 75.66 36.13 0.24  0.44  
9/12/2005 10:00 3.78 75.66 -1.02 16.74 18.86 72.47 6.56 0.06  0.70  
9/16/2005 9:30 0.00 72.07 0.00 3.74 18.86 57.74 14.34 0.09  0.20  
9/19/2005 11:00 0.00 57.34 -3.05 0.00 18.86 36.24 17.92 0.16  0.00  
9/24/2005 9:30 104.22 36.24 0.00 72.12 18.86 86.81 54.04 0.29  0.56  
9/26/2005 10:00 0.00 86.81 -1.02 12.33 18.86 79.24 6.77 0.09  0.62  
9/30/2005 10:00 14.35 79.24 0.00 12.62 18.86 73.27 20.72 0.14 0.16 0.36 0.44 
10/3/2005 10:30 13.22 72.47 -1.02 12.71 18.86 65.70 17.20 0.15  0.44  
10/7/2005 9:30 97.42 65.30 0.00 84.13 18.86 128.22 34.51 0.23  0.70  
10/10/2005 10:30 15.86 128.62 -1.02 27.44 18.86 135.39 7.90 0.07  0.77  
10/14/2005 10:00 19.64 135.39 0.00 21.47 18.86 138.18 17.25 0.11  0.55  
10/17/2005 11:00 0.00 137.78 -1.02 12.04 18.86 130.21 6.77 0.06  0.62  
10/21/2005 10:30 0.00 130.61 0.00 7.46 18.86 119.46 10.75 0.07  0.40  
10/26/2005 11:30 189.18 119.46 -126.19 195.82 0.00 188.35 12.77 0.07  0.94  
10/28/2005 10:30 0.00 187.95 0.00 0.00 18.86 169.63 0.00 0.00  -  
10/31/2005 10:30 0.00 169.63 -3.05 6.90 18.86 155.30 11.95 0.11 0.10 0.35 0.60 
11/4/2005 10:30 20.77 154.90 0.00 22.13 18.86 157.69 17.58 0.12  0.54  
11/7/2005 11:00 0.00 157.69 -3.05 8.44 18.86 144.94 9.96 0.09  0.44  
11/11/2005 11:30 0.00 144.15 0.00 8.56 18.86 134.59 9.16 0.06  0.49  
11/14/2005 11:00 1.51 134.19 -1.02 6.24 18.86 121.05 13.85 0.12  0.30  
11/18/2005 11:30 0.00 121.05 0.00 8.88 18.86 111.50 9.16 0.06  0.49  
11/21/2005 10:00 1.13 112.29 0.00 8.63 18.86 101.94 11.49 0.10  0.41  
11/28/2005 10:30 0.00 102.34 -1.02 10.15 18.86 93.18 8.76 0.03 0.08 0.52 0.46 
12/2/2005 9:30 12.84 92.78 0.00 10.59 18.86 85.21 20.40 0.14  0.33  
12/5/2005 10:30 0.00 85.21 0.00 8.06 18.86 74.86 10.35 0.09  0.41  
12/9/2005 12:30 57.77 74.46 0.00 54.25 18.86 107.91 23.93 0.16  0.68  











































12/16/2005 10:30 1.89 105.52 0.00 12.10 18.86 98.75 8.66 0.08  0.56  
12/19/2005 13:00 2.64 98.75 0.00 13.58 18.86 93.18 7.82 0.07  0.62  
12/23/2005 10:00 0.00 93.18 0.00 15.09 18.86 89.20 3.98 0.03  0.78  
12/27/2005 9:30 0.00 85.21 0.00 14.39 18.86 80.83 4.38 0.03  0.76  
12/30/2005 10:30 0.00 81.23 0.00 8.88 18.86 71.28 10.35 0.09 0.08 0.43 0.59 
1/2/2006 10:30 0.00 71.28 0.00 9.81 18.86 62.52 8.76 0.08  0.51  
1/6/2006 11:00 2.64 62.12 0.00 12.33 18.86 56.15 8.62 0.06  0.58  
1/10/2006 10:30 0.00 56.54 -2.03 6.61 18.86 42.21 11.55 0.08  0.36  
1/13/2006 11:30 0.00 42.61 0.00 9.05 18.86 33.05 9.56 0.08  0.48  
1/17/2006 10:00 26.05 32.65 -1.02 34.03 18.86 46.59 11.72 0.08  0.74  
1/20/2006 11:30 4.91 46.19 0.00 8.56 18.86 36.63 14.47 0.13  0.36  
1/24/2006 11:00 2.27 36.24 -1.02 11.20 18.86 27.87 9.04 0.06  0.54  
1/27/2006 11:00 0.38 27.87 17.41 10.41 18.86 37.03 8.34 0.07  0.55  
1/31/2006 9:00 9.44 35.84 -1.02 9.08 18.86 25.09 18.60 0.12 0.08 0.32 0.49 
2/7/2006 9:30 56.64 25.48 -3.05 63.39 18.86 65.30 14.03 0.05  0.81  
2/10/2006 10:30 0.00 65.30 0.00 7.25 18.86 54.16 11.15 0.10  0.39  
2/14/2006 9:45 6.42 54.16 -1.02 16.39 18.86 50.97 8.81 0.06  0.64  
2/17/2006 11:45 0.00 50.57 0.00 8.99 18.86 40.62 9.56 0.08  0.48  
2/21/2006 9:30 0.00 41.41 -1.02 9.43 18.86 30.26 10.56 0.07  0.44  
2/24/2006 10:30 0.00 30.66 17.41 7.40 18.86 36.24 11.15 0.10  0.39  
2/28/2006 9:00 15.10 35.44 0.00 15.67 18.86 30.66 18.69 0.12 0.08 0.44 0.51 
3/3/2006 10:40 0.00 30.66 0.00 8.35 18.86 20.71 11.15 0.10  0.43  
3/7/2006 9:00 0.00 20.31 33.80 5.31 18.86 41.01 13.54 0.09  0.26  
3/10/2006 10:00 0.00 40.62 0.00 3.05 18.86 25.09 14.73 0.13  0.18  
3/13/2006 9:00 0.00 24.69 33.80 4.55 18.86 44.60 13.94 0.12  0.26  
3/17/2006 9:10 0.00 43.80 0.00 4.50 18.86 30.26 14.34 0.09  0.22  











































3/24/2006 10:30 0.00 27.48 17.41 1.22 18.86 28.27 19.11 0.17  0.04  
3/28/2006 9:00 0.00 27.48 17.41 2.49 18.86 27.48 15.93 0.11  0.13  
3/31/2006 10:00 0.00 27.87 0.00 1.89 18.86 11.15 16.72 0.15 0.12 0.11 0.19 
4/4/2006 9:00 0.00 10.35 16.39 3.10 18.86 11.95 15.53 0.10  0.17  
4/7/2006 11:30 0.00 12.74 0.00 15.11 18.86 11.55 2.79 0.02  0.85  
4/11/2006 9:00 29.83 11.15 -1.02 17.44 18.86 7.96 31.03 0.21  0.34  
4/14/2006 10:00 0.00 8.36 34.81 5.19 18.86 29.87 13.94 0.12  0.27  
4/18/2006 9:00 0.00 28.67 16.39 2.78 18.86 29.87 14.73 0.10  0.18  
4/21/2006 9:00 0.00 30.26 0.00 0.35 18.86 11.15 18.32 0.16  0.02  
4/25/2006 9:00 9.06 11.15 17.41 3.42 18.86 13.94 26.19 0.17  0.08  
4/28/2006 9:00 0.38 13.54 17.41 1.51 18.86 14.34 17.10 0.15 0.13 0.09 0.25 
5/2/2006 10:00 0.00 14.73 16.39 0.67 18.86 13.14 18.32 0.12  0.04  
5/5/2006 9:00 0.00 11.95 17.41 0.20 18.86 11.15 16.33 0.14  0.05  
5/12/2006 9:00 43.42 11.95 17.41 7.22 18.86 17.92 56.17 0.21  0.12  
5/16/2006 10:00 0.00 18.32 17.41 10.39 18.86 26.68 8.76 0.06  0.53  
5/18/2006 10:00 0.00 27.08 17.41 8.88 18.86 35.04 8.76 0.08  0.52  
5/23/2006 10:00 0.00 32.65 15.38 2.41 18.86 34.25 16.72 0.11  0.13  
5/26/2006 10:00 4.15 34.25 17.41 1.16 18.86 33.45 20.88 0.18  0.05  
5/30/2006 10:00 61.17 33.05 -1.02 53.67 18.86 66.10 27.32 0.18 0.14 0.66 0.26 
6/2/2006 10:00 17.37 65.70 0.00 4.93 18.86 52.16 30.51 0.27  0.14  
6/6/2006 10:00 24.54 51.77 -1.02 10.47 18.86 41.41 34.90 0.23  0.19  
6/9/2006 10:00 0.00 43.01 0.00 11.05 18.86 35.84 6.77 0.06  0.61  
6/13/2006 10:00 78.16 34.64 -1.02 52.31 0.00 83.62 45.91 0.30  0.52  
6/16/2006 10:00 21.15 83.62 0.00 13.03 18.86 78.05 8.80 0.08  0.58  
6/20/2006 10:00 6.04 78.05 -1.02 6.70 18.86 65.70 17.99 0.12  0.25  
6/23/2006 10:00 0.00 65.30 0.00 4.61 18.86 52.16 12.74 0.11  0.26  











































6/30/2006 10:00 40.40 93.98 0.00 38.44 18.86 114.68 19.70 0.17 0.18 0.66 0.42 
7/4/2006 10:00 11.71 114.68 0.00 15.67 18.86 109.11 16.09 0.11  0.45  
7/7/2006 10:00 20.39 109.90 0.00 15.78 18.86 106.32 24.77 0.22  0.37  
7/11/2006 10:00 29.08 106.72 -2.03 26.78 18.86 112.29 20.71 0.14  0.56  
7/14/2006 10:00 22.28 112.29 0.00 17.26 18.86 110.70 24.67 0.22  0.39  
7/18/2006 10:00 47.58 111.50 0.00 33.36 0.00 144.15 32.45 0.21  0.50  
   -304.96
   
Notes:   



















[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
    
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
    










































7/8/2005 10:00 0.00 189.54 0.00 9.28 18.86 177.60 - -  -  
7/11/2005 9:30 31.34 184.76 0.00 14.91 18.86 180.78 36.12 0.32  0.27  
7/15/2005 10:00 3.02 178.79 0.00 8.27 18.86 168.44 12.58 0.08  0.39  
7/18/2005 10:00 24.17 168.44 0.00 22.56 18.86 171.23 20.98 0.19  0.51  
7/21/2005 9:00 137.07 171.62 -65.27 103.89 0.00 208.66 56.23 0.50  0.64  
7/22/2005 10:45 18.12 207.86 -1.02 5.86 18.86 194.72 12.55 -  0.31  
7/25/2005 10:00 0.00 193.92 0.00 9.28 18.86 184.76 9.16 -  0.51  
7/29/2005 11:00 0.00 184.76 -113.14 1.10 18.86 56.54 17.92 0.12 0.24 0.04 0.38 
8/1/2005 10:00 9.44 56.94 0.00 0.00 18.86 37.83 27.76 0.25  0.00  
8/5/2005 9:15 58.91 37.43 0.00 42.36 18.86 61.32 36.61 0.24  0.53  
8/8/2005 16:00 64.19 59.73 0.00 54.39 22.92 86.01 33.93 0.30  0.58  
8/12/2005 10:40 15.10 86.01 0.00 16.51 18.86 83.62 21.48 0.14  0.41  
8/15/2005 10:30 24.92 83.22 0.00 18.49 0.00 100.35 25.32 0.22  0.40  
8/19/2005 9:00 3.02 100.74 0.00 0.00 18.86 82.83 3.02 0.02  0.00  
8/22/2005 10:00 0.00 82.83 0.00 0.00 18.86 64.11 17.92 0.16  0.00 
8/25/2005 14:30 11.71 64.51 0.00 0.00 0.00 64.51 30.42 0.27  0.00  
8/29/2005 9:45 7.93 64.51 -2.03 0.00 18.86 43.80 7.93 0.05 0.18 0.00 0.21 
9/2/2005 10:00 60.42 43.80 0.00 27.27 18.86 51.77 52.45 0.35  0.33  











































9/9/2005 10:00 45.69 54.16 0.00 28.31 18.86 63.71 36.53 0.24  0.43  
9/12/2005 10:00 3.78 63.31 -1.02 15.67 18.86 58.93 6.96 0.06  0.68  
9/16/2005 9:30 0.00 58.93 0.00 1.16 18.86 41.81 16.72 0.11  0.09  
9/19/2005 11:00 0.00 41.81 -3.05 0.00 18.86 19.51 18.72 0.17  0.00  
9/24/2005 9:30 104.22 19.91 0.00 69.71 18.86 69.29 55.64 0.29  0.55  
9/26/2005 10:00 0.00 69.29 -1.02 11.60 18.86 61.32 7.57 0.10  0.59  
9/30/2005 10:00 14.35 61.32 0.00 11.69 18.86 54.16 21.12 0.14 0.17 0.35 0.41 
10/3/2005 10:30 13.22 54.16 -1.02 10.70 18.86 45.00 21.58 0.19  0.32  
10/7/2005 9:30 97.42 45.00 0.00 84.13 18.86 111.50 30.92 0.20  0.73  
10/10/2005 10:30 15.86 111.89 -1.02 27.68 18.86 118.66 7.90 0.07  0.77  
10/14/2005 10:00 19.64 118.66 0.00 20.16 18.86 120.26 18.84 0.12  0.50  
10/17/2005 11:00 0.00 120.26 -1.02 10.56 18.86 110.70 7.17 0.06  0.59  
10/21/2005 10:30 0.00 110.70 0.00 5.80 18.86 98.36 12.74 0.08  0.30  
10/26/2005 11:30 189.18 97.96 -105.89 195.82 0.00 187.55 13.17 0.07  0.94  
10/28/2005 10:30 0.00 187.15 0.00 0.00 18.86 168.84 0.00 0.00  -  
10/31/2005 10:30 0.00 168.84 -2.03 4.93 18.86 152.91 13.14 0.12 0.10 0.28 0.55 
11/4/2005 10:30 20.77 152.91 0.00 21.76 18.86 156.09 18.78 0.12  0.52  
11/7/2005 11:00 0.00 156.09 -2.03 7.37 18.86 143.35 10.75 0.09  0.39  
11/11/2005 11:30 0.00 142.95 0.00 6.96 18.86 131.80 10.75 0.07  0.39  
11/14/2005 11:00 1.51 131.01 -1.02 4.47 18.86 116.27 15.05 0.13  0.23  
11/18/2005 11:30 0.00 116.27 0.00 8.70 18.86 105.92 9.96 0.07  0.44  
11/21/2005 10:00 1.13 106.72 0.00 7.83 18.86 95.57 11.88 0.10  0.39  
11/28/2005 10:30 0.00 95.57 -1.02 9.31 18.86 86.01 9.96 0.04 0.09 0.47 0.40 
12/2/2005 9:30 12.84 86.01 0.00 8.41 18.86 75.66 22.79 0.15  0.25  
12/5/2005 10:30 0.00 76.06 0.00 7.17 18.86 64.51 11.15 0.10  0.38  
12/9/2005 12:30 57.77 64.51 0.00 55.19 18.86 99.55 23.13 0.15  0.70  











































12/16/2005 10:30 1.89 96.36 0.00 11.43 18.86 89.20 9.06 0.08  0.54  
12/19/2005 13:00 2.64 89.60 0.00 13.61 18.86 84.42 7.82 0.07  0.62  
12/23/2005 10:00 0.00 84.42 0.00 14.87 18.86 78.84 3.98 0.03  0.78  
12/27/2005 9:30 0.00 80.04 0.00 10.27 18.86 71.28 10.35 0.07  0.47  
12/30/2005 10:30 0.00 72.07 0.00 8.21 18.86 60.92 10.35 0.09 0.09 0.42 0.54 
1/2/2006 10:30 0.00 60.92 0.00 9.31 18.86 51.37 9.96 0.09  0.47  
1/6/2006 11:00 2.64 51.37 0.00 11.72 18.86 44.20 9.81 0.06  0.53  
1/10/2006 10:30 0.00 44.20 -2.03 6.38 18.86 29.87 11.95 0.08  0.35  
1/13/2006 11:30 0.00 29.87 0.00 8.94 18.86 19.91 9.96 0.09  0.48  
1/17/2006 10:00 26.05 19.11 -1.02 34.78 18.86 34.64 10.13 0.07  0.78  
1/20/2006 11:30 4.91 34.25 0.00 8.70 18.86 24.29 14.47 0.13  0.38  
1/24/2006 11:00 0.38 23.89 -1.02 10.79 18.86 14.73 8.34 0.06  0.56  
1/27/2006 11:00 9.44 14.73 17.41 9.98 18.86 23.49 18.60 0.16  0.35  
1/31/2006 9:00 0.00 22.30 -1.02 9.14 18.86 11.55 9.56 0.06 0.09 0.49 0.49 
2/7/2006 9:30 56.64 11.95 -3.05 47.55 18.86 37.83 28.77 0.11  0.62  
2/10/2006 10:30 6.42 37.43 0.00 6.53 18.86 25.48 18.37 0.16  0.27  
2/14/2006 9:45 0.00 24.69 -1.02 3.51 18.86 7.17 15.53 0.10  0.17  
2/17/2006 11:45 0.00 7.17 17.41 7.25 18.86 13.14 12.74 0.11  0.36  
2/21/2006 9:30 0.00 13.14 16.39 8.96 18.86 19.51 10.59 0.07  0.45  
2/24/2006 10:30 15.10 19.11 17.41 6.88 18.86 24.29 27.21 0.24  0.20  
2/28/2006 9:00 0.00 24.29 0.00 16.27 18.86 22.30 1.99 0.01 0.12 0.90 0.42 
3/3/2006 10:40 0.00 18.32 0.00 8.12 18.86 7.17 10.75 0.09  0.44  
3/7/2006 9:00 0.00 7.96 33.80 5.05 18.86 28.67 14.73 0.10  0.24  
3/10/2006 10:00 0.00 29.07 0.00 2.61 18.86 11.95 16.72 0.15  0.13  
3/13/2006 9:00 0.00 12.34 33.80 4.58 18.86 33.05 15.53 0.14  0.20  
3/17/2006 9:10 4.15 31.86 0.00 4.24 18.86 17.92 17.29 0.11  0.24  











































3/24/2006 10:30 0.00 15.13 17.41 0.09 18.86 15.53 20.31 0.18  0.00  
3/28/2006 9:00 0.00 14.34 15.38 0.61 18.86 12.74 18.32 0.12  0.02  
3/31/2006 10:00 0.00 13.14 17.41 0.61 18.86 11.95 17.92 0.16 0.13 0.02 0.15 
4/4/2006 9:00 0.00 10.75 16.39 2.00 18.86 11.95 17.52 0.12  0.08  
4/7/2006 11:30 0.00 12.34 17.41 0.29 18.86 10.75 17.92 0.16  0.02  
4/11/2006 9:00 29.83 9.16 -1.02 18.80 18.86 7.17 31.03 0.21  0.37  
4/14/2006 10:00 0.00 8.36 34.81 4.00 18.86 27.87 16.72 0.15  0.16  
4/18/2006 9:00 0.00 27.08 16.39 1.65 18.86 25.88 17.52 0.12  0.06  
4/21/2006 9:00 0.00 26.68 0.00 0.06 18.86 7.17 19.11 0.17  0.00  
4/25/2006 9:00 9.06 7.57 17.41 1.22 18.86 8.76 27.38 0.18  0.04  
4/28/2006 9:00 0.38 7.96 17.41 0.15 18.86 6.77 18.30 0.16 0.16 0.02 0.10 
5/2/2006 10:00 0.00 8.36 16.39 0.00 18.86 6.37 19.51 0.13  0.00  
5/5/2006 9:00 0.00 3.19 17.41 0.00 18.86 4.78 18.32 0.16  0.00  
5/12/2006 9:00 43.42 4.78 17.41 3.37 18.86 7.57 58.16 0.22  0.05  
5/16/2006 10:00 0.00 6.37 17.41 9.02 18.86 15.93 11.15 0.07  0.43  
5/18/2006 10:00 0.00 14.73 17.41 7.19 18.86 22.30 9.96 0.09  0.43  
5/23/2006 10:00 0.00 19.51 15.38 0.58 18.86 19.11 16.72 0.11  0.05  
5/26/2006 10:00 4.15 19.11 34.81 0.00 18.86 35.84 22.87 0.20  0.00  
5/30/2006 10:00 61.17 35.84 -1.02 51.35 18.86 67.69 29.32 0.19 0.15 0.63 0.20 
6/2/2006 10:00 17.37 67.30 0.00 2.47 18.86 52.56 33.30 0.29  0.06  
6/6/2006 10:00 24.54 52.96 -1.02 7.43 18.86 40.62 35.30 0.23  0.14  
6/9/2006 10:00 0.00 41.01 0.00 9.92 18.86 31.46 7.96 0.07  0.53  
6/13/2006 10:00 78.16 31.46 -1.02 50.74 0.00 79.64 47.50 0.31  0.51  
6/16/2006 10:00 21.15 79.64 0.00 13.11 18.86 74.46 8.80 0.08  0.58  











































6/23/2006 10:00 0.00 60.92 0.00 3.10 18.86 43.40 16.33 0.14  0.07  
6/27/2006 10:00 84.96 43.80 -1.02 65.27 18.86 86.81 42.35 0.28  0.59  
6/30/2006 10:00 40.40 86.81 0.00 38.79 18.86 108.71 20.49 0.18 0.19 0.65 0.37 
7/4/2006 10:00 11.71 108.71 0.00 14.74 18.86 102.74 15.29 0.10  0.44  
7/7/2006 10:00 20.39 101.94 0.00 13.87 18.86 97.16 24.77 0.22  0.35  
7/11/2006 10:00 29.08 97.56 -2.03 26.17 18.86 102.74 22.31 0.15  0.53  
7/14/2006 10:00 22.28 102.74 0.00 14.59 18.86 99.15 25.86 0.23  0.36  
7/18/2006 10:00 47.58 98.75 0.00 33.36 0.00 130.61 33.64 0.22  0.49  
   -284.30
   
Notes:   
















[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
    
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
    












































7/8/2005 10:00 0.00 66.90 0.00 20.09 37.71 52.56 - -  -  
7/11/2005 9:30 31.34 57.34 0.00 41.12 37.71 60.53 28.95 0.26  0.57  
7/15/2005 10:00 3.02 60.13 0.00 27.24 37.71 50.17 12.98 0.09  0.66  
7/18/2005 10:00 24.17 49.78 0.00 44.65 37.71 56.54 17.40 0.15  0.71  
7/21/2005 9:00 137.07 55.75 0.00 133.04 0.00 175.21 52.65 0.46  0.69  
7/22/2005 10:45 18.12 175.21 -1.02 8.44 37.71 146.14 10.16 -  0.44  
7/25/2005 10:00 0.00 146.14 0.00 27.41 37.71 136.18 10.35 -  0.71  
7/29/2005 11:00 0.00 136.58 -39.16 18.57 37.71 79.24 18.72 0.12 0.22 0.48 0.61 
8/1/2005 10:00 9.44 79.64 0.00 14.43 37.71 57.34 32.14 0.28  0.28  
8/5/2005 9:15 58.91 57.34 0.00 74.92 37.71 91.98 23.86 0.16  0.75  
8/8/2005 16:00 64.19 91.59 0.00 73.61 37.71 129.42 30.34 0.27  0.70  
8/12/2005 10:40 15.10 129.42 0.00 31.61 37.71 123.44 17.10 0.11  0.63  
8/15/2005 10:30 24.92 122.65 0.00 41.25 37.71 126.23 21.34 0.19  0.65  
8/19/2005 9:00 3.02 125.83 0.00 32.06 37.71 117.87 10.59 0.07  0.72  
8/22/2005 10:00 0.00 117.07 0.00 19.51 37.71 99.15 17.12 0.15  0.52 
8/25/2005 14:30 11.71 98.75 0.00 20.89 0.00 118.27 28.83 0.25  0.40  
8/29/2005 9:45 7.93 118.27 -1.02 0.00 37.71 82.03 7.93 0.05 0.17 0.00 0.52 
9/2/2005 10:00 60.42 82.03 0.00 64.40 37.71 107.51 34.53 0.23  0.64  













































9/9/2005 10:00 45.69 111.89 0.00 55.99 37.71 129.02 28.17 0.19  0.65  
9/12/2005 10:00 3.78 129.02 -1.02 36.05 37.71 125.83 5.77 0.05  0.86  
9/16/2005 9:30 0.00 126.63 0.00 21.47 37.71 111.10 16.72 0.11  0.54  
9/19/2005 11:00 0.00 110.30 -1.02 17.99 33.36 94.37 18.72 0.17  0.47  
9/24/2005 9:30 104.22 94.37 0.00 97.18 37.71 156.09 37.72 0.20  0.72  
9/26/2005 10:00 0.00 156.09 -2.03 31.33 37.71 147.33 6.37 0.08  0.82  
9/30/2005 10:00 14.35 147.33 0.00 34.23 37.71 143.75 18.33 0.12 0.14 0.64 0.69 
10/3/2005 10:30 13.22 143.75 -1.02 33.51 37.71 138.57 17.60 0.16  0.64  
10/7/2005 9:30 97.42 138.57 -43.52 108.79 37.71 169.63 24.95 0.17  0.81  
10/10/2005 10:30 15.86 168.04 -1.02 48.37 37.71 177.20 4.31 0.04  0.92  
10/14/2005 10:00 19.64 177.60 -13.05 40.59 37.71 168.04 17.64 0.12  0.69  
10/17/2005 11:00 0.00 167.24 -1.02 29.04 37.71 158.09 7.96 0.07  0.78  
10/21/2005 10:30 0.00 158.09 0.00 23.86 37.71 144.94 13.94 0.09  0.62  
10/26/2005 11:30 189.18 144.55 -174.06 214.68 0.00 184.76 14.77 0.08  0.93  
10/28/2005 10:30 0.00 184.76 0.00 0.00 37.71 148.93 0.00 0.00  -  
10/31/2005 10:30 0.00 148.53 -1.02 22.51 42.06 127.03 14.34 0.13 0.09 0.60 0.75 
11/4/2005 10:30 20.77 128.62 0.00 45.98 37.71 136.98 19.18 0.13  0.69  
11/7/2005 11:00 0.00 136.98 -1.02 26.08 37.71 125.03 9.96 0.09  0.72  
11/11/2005 11:30 0.00 124.24 0.00 26.11 37.71 111.89 10.75 0.07  0.70  
11/14/2005 11:00 1.51 111.50 -3.05 24.22 37.71 95.97 15.85 0.14  0.59  
11/18/2005 11:30 0.00 95.57 0.00 28.46 37.71 86.01 8.36 0.06  0.76  
11/21/2005 10:00 1.13 87.60 0.00 26.52 37.71 76.85 12.68 0.11  0.66  
11/28/2005 10:30 0.00 76.85 -1.02 29.36 37.71 65.30 8.36 0.03 0.09 0.77 0.70 
12/2/2005 9:30 12.84 65.30 0.00 32.64 37.71 60.53 20.01 0.13  0.61  
12/5/2005 10:30 0.00 60.53 0.00 25.53 37.71 48.98 11.55 0.10  0.67  
12/9/2005 12:30 57.77 48.58 0.00 76.56 37.71 86.81 19.94 0.13  0.79  













































12/16/2005 10:30 1.89 85.21 0.00 30.61 37.71 78.45 8.26 0.07  0.78  
12/19/2005 13:00 2.64 78.45 0.00 33.62 37.71 74.86 7.02 0.06  0.82  
12/23/2005 10:00 0.00 74.07 0.00 34.46 37.71 70.08 3.19 0.02  0.91  
12/27/2005 9:30 0.00 88.40 0.00 19.23 37.71 71.28 16.72 0.11  0.53  
12/30/2005 10:30 0.00 71.68 0.00 26.25 37.71 58.54 11.95 0.11 0.09 0.67 0.74 
1/2/2006 10:30 0.00 59.73 0.00 28.87 37.71 51.77 10.35 0.09  0.72  
1/6/2006 11:00 2.64 51.77 0.00 31.65 37.71 45.39 8.22 0.05  0.78  
1/10/2006 10:30 0.00 45.39 -1.02 24.34 37.71 31.46 12.34 0.08  0.66  
1/13/2006 11:30 0.00 31.86 0.00 27.82 37.71 22.30 9.56 0.08  0.74  
1/17/2006 10:00 26.05 21.50 -1.02 53.09 37.71 35.84 10.52 0.07  0.83  
1/20/2006 11:30 4.91 36.24 0.00 26.75 37.71 25.09 15.66 0.14  0.62  
1/24/2006 10:00 0.38 24.69 -1.02 30.11 37.71 15.93 7.94 0.05  0.79  
1/27/2006 11:00 9.44 16.33 17.41 29.50 37.71 25.09 18.60 0.16  0.60  
1/31/2006 9:00 0.00 24.29 -1.02 27.94 37.71 12.74 9.16 0.06 0.09 0.75 0.72 
2/7/2006 9:30 56.64 13.54 -1.02 77.63 37.71 50.97 20.80 0.08  0.78  
2/10/2006 10:30 6.42 51.37 0.00 24.80 37.71 38.63 18.37 0.16  0.57  
2/14/2006 9:45 0.00 39.02 -1.02 27.73 37.71 26.68 11.95 0.08  0.67  
2/17/2006 11:45 0.00 25.88 17.41 22.95 37.71 28.27 14.73 0.13  0.59  
2/21/2006 9:30 0.00 27.87 -1.02 25.88 37.71 15.93 10.27 0.07  0.72  
2/24/2006 10:30 15.10 32.25 17.41 23.61 37.71 35.44 29.52 0.26  0.43  
2/28/2006 9:00 0.00 35.04 0.00 35.02 37.71 30.66 1.19 0.01 0.11 0.97 0.68 
3/3/2006 10:40 0.00 31.46 0.00 24.86 37.71 18.32 15.13 0.13  0.62  
3/7/2006 9:00 0.00 18.32 33.80 21.44 37.71 35.04 17.52 0.12  0.53  
3/10/2006 10:00 0.00 35.44 0.00 18.13 37.71 15.53 18.32 0.16  0.49  
3/13/2006 9:00 0.00 15.53 33.80 20.80 37.71 32.65 18.72 0.17  0.50  
3/17/2006 9:10 4.15 32.25 0.00 20.77 37.71 15.93 20.08 0.13  0.50  













































3/24/2006 10:30 0.00 27.08 17.41 17.44 37.71 24.69 19.11 0.17  0.48  
3/28/2006 9:00 0.00 23.49 33.80 18.91 37.71 39.02 20.31 0.13  0.46  
3/31/2006 10:00 0.00 39.82 0.00 16.83 37.71 19.51 19.51 0.17 0.15 0.46 0.49 
4/4/2006 9:00 0.00 18.32 33.80 19.47 37.71 33.45 18.32 0.12  0.50  
4/7/2006 11:30 0.00 33.05 0.00 17.90 37.71 13.94 17.92 0.16  0.51  
4/11/2006 9:00 29.83 13.14 -1.02 38.00 37.71 12.74 29.83 0.20  0.56  
4/14/2006 10:00 0.00 13.54 34.81 21.15 37.71 30.66 17.12 0.15  0.54  
4/18/2006 9:00 0.00 29.47 -2.03 19.00 37.71 8.76 17.92 0.12  0.51  
4/21/2006 9:00 0.00 9.16 34.81 16.77 37.71 24.29 21.10 0.19  0.43  
4/25/2006 9:00 9.06 23.49 34.81 23.67 37.71 44.20 22.60 0.15  0.49  
4/28/2006 9:00 0.38 43.80 0.00 17.35 37.71 23.89 18.69 0.17 0.16 0.47 0.50 
5/2/2006 10:00 0.00 23.49 33.80 17.29 37.71 37.43 18.72 0.12  0.49  
5/5/2006 9:00 0.00 37.03 34.81 14.97 37.71 49.38 21.90 0.19  0.40  
5/12/2006 9:00 43.42 49.38 0.00 29.24 37.71 40.62 52.18 0.20  0.34  
5/16/2006 10:00 0.00 40.62 0.00 30.49 37.71 33.85 6.77 0.04  0.81  
5/18/2006 10:00 0.00 33.85 17.41 31.39 37.71 45.79 5.18 0.05  0.86  
5/23/2006 10:00 0.00 44.60 16.39 19.81 37.71 44.20 18.32 0.12  0.51  
5/26/2006 10:00 4.15 43.80 17.41 17.46 37.71 39.82 22.87 0.20  0.42  
5/30/2006 10:00 61.17 41.41 -1.02 78.33 37.71 83.22 20.55 0.14 0.13 0.79 0.58 
6/2/2006 10:00 17.37 82.43 0.00 22.95 37.71 68.49 30.91 0.27  0.41  
6/6/2006 10:00 24.54 69.29 -1.02 30.81 37.71 61.32 32.11 0.21  0.47  
6/9/2006 10:00 0.00 61.32 0.00 30.84 37.71 54.16 6.77 0.06  0.81  
6/13/2006 10:00 78.16 54.16 -1.02 77.57 0.00 123.84 43.52 0.29  0.62  
6/16/2006 10:00 21.15 123.84 0.00 17.70 37.71 103.53 5.62 0.05  0.73  
6/20/2006 10:00 6.04 103.53 -1.02 24.08 37.71 89.20 19.98 0.13  0.52  
6/23/2006 10:00 0.00 89.20 0.00 21.87 37.71 74.86 14.73 0.13  0.58  













































6/30/2006 10:00 40.40 119.46 0.00 60.14 37.71 140.57 17.31 0.15 0.17 0.77 0.62 
7/4/2006 10:00 11.71 140.56 0.00 34.67 37.71 137.78 16.88 0.11  0.66  
7/7/2006 10:00 20.39 137.78 0.00 34.17 37.71 133.80 24.37 0.22  0.56  
7/11/2006 10:00 29.08 134.19 -1.02 46.50 37.71 141.76 20.71 0.14  0.68  
7/14/2006 10:00 22.28 141.76 0.00 36.52 37.71 140.96 22.68 0.20  0.60  
7/18/2006 10:00 47.58 140.96 0.00 55.12 37.71 156.09 31.25 0.21  0.62  






















[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
    
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
    











































7/8/2005 10:00 0.00 68.49 0.00 24.80 37.713 57.34 - -  -  
7/11/2005 9:30 31.34 60.13 0.00 41.85 37.713 64.51 30.15 0.27  0.57  
7/15/2005 10:00 3.02 63.71 0.00 26.83 37.713 55.75 12.58 0.08  0.67  
7/18/2005 10:00 24.17 52.96 0.00 44.79 37.713 62.12 15.80 0.14  0.73  
7/21/2005 9:00 137.07 58.93 0.00 125.32 0.000 178.79 49.86 0.44  0.71  
7/22/2005 10:45 18.12 178.00 -1.02 7.92 37.713 148.53 10.16 -  0.44  
7/25/2005 10:00 0.00 148.93 0.00 27.65 37.713 138.97 10.75 -  0.71  
7/29/2005 11:00 0.00 138.97 -50.77 19.15 37.713 74.07 18.72 0.12 0.21 0.48 0.61 
8/1/2005 10:00 9.44 74.07 0.00 15.23 37.713 51.77 31.34 0.28  0.31  
8/5/2005 9:15 58.91 51.37 0.00 75.57 37.713 88.00 23.07 0.15  0.76  
8/8/2005 16:00 64.19 87.60 0.00 72.74 37.713 120.26 31.94 0.28  0.68  
8/12/2005 10:40 15.10 120.26 0.00 33.97 37.713 117.07 25.06 0.17  0.50  
8/15/2005 10:30 24.92 115.08 0.00 41.19 37.713 119.46 12.18 0.11  0.77  
8/19/2005 9:00 3.02 119.46 0.00 24.51 37.713 110.70 12.18 0.08  0.69  
8/22/2005 10:00 0.00 110.70 0.00 19.07 37.713 92.78 18.32 0.16  0.49 
8/25/2005 14:30 11.71 92.78 0.00 18.02 0.000 109.90 30.42 0.27  0.36  
8/29/2005 9:45 7.93 109.90 -1.02 0.00 37.713 73.67 7.93 0.05 0.17 0.00 0.51 
9/2/2005 10:00 60.42 73.27 0.00 62.52 37.713 95.97 36.52 0.24  0.62  












































9/9/2005 10:00 45.69 100.35 0.00 55.38 37.713 117.07 29.76 0.20  0.64  
9/12/2005 10:00 3.78 116.67 -1.02 36.23 37.713 113.89 4.97 0.04  0.87  
9/16/2005 9:30 0.00 113.89 0.00 20.66 37.713 97.96 16.72 0.11  0.54  
9/19/2005 11:00 0.00 97.16 -1.02 16.91 37.713 76.45 19.11 0.17  0.47  
9/24/2005 9:30 104.22 76.45 0.00 96.89 37.713 136.98 44.09 0.23  0.69  
9/26/2005 10:00 0.00 136.98 -3.05 31.01 37.713 127.42 5.97 0.08  0.83  
9/30/2005 10:00 14.35 127.42 0.00 33.94 37.713 123.44 17.93 0.12 0.14 0.65 0.68 
10/3/2005 10:30 13.22 123.44 -1.02 32.75 37.713 118.27 18.79 0.17  0.62  
10/7/2005 9:30 97.42 117.87 -17.41 110.24 37.713 172.42 23.75 0.16  0.82  
10/10/2005 10:30 15.86 172.82 -18.42 47.08 37.713 161.67 6.70 0.06  0.88  
10/14/2005 10:00 19.64 161.27 0.00 45.60 37.713 168.84 16.05 0.11  0.73  
10/17/2005 11:00 0.00 168.44 -1.02 29.24 37.713 158.48 8.36 0.07  0.77  
10/21/2005 10:30 0.00 158.48 0.00 23.09 37.713 144.55 14.73 0.10  0.60  
10/26/2005 11:30 189.18 144.15 -176.96 214.68 0.000 181.18 12.38 0.07  0.95  
10/28/2005 10:30 0.00 181.58 0.00 0.00 37.713 144.94 0.00 0.00  -  
10/31/2005 10:30 0.00 144.94 -1.02 22.72 37.713 129.42 15.13 0.13 0.10 0.59 0.74 
11/4/2005 10:30 20.77 129.02 0.00 41.92 37.713 133.80 17.18 0.11  0.70  
11/7/2005 11:00 0.00 133.80 -1.02 25.67 37.713 120.26 8.76 0.08  0.75  
11/11/2005 11:30 0.00 120.26 0.00 25.73 37.713 108.71 13.94 0.09  0.64  
11/14/2005 11:00 1.51 108.31 -3.05 22.08 37.713 90.79 16.64 0.15  0.56  
11/18/2005 11:30 0.00 90.79 0.00 28.07 37.713 81.23 8.76 0.06  0.75  
11/21/2005 10:00 1.13 82.03 0.00 25.96 37.713 70.48 12.28 0.11  0.67  
11/28/2005 10:30 0.00 70.88 -1.02 28.75 37.713 60.92 9.16 0.03 0.09 0.75 0.69 
12/2/2005 9:30 12.84 60.53 0.00 30.11 37.713 52.96 20.01 0.13  0.59  
12/5/2005 10:30 0.00 52.96 0.00 25.76 37.713 41.41 11.55 0.10  0.68  
12/9/2005 12:30 57.77 41.41 0.00 78.65 37.713 80.44 19.15 0.13  0.80  












































12/16/2005 10:30 1.89 82.83 0.00 30.49 37.713 76.45 8.26 0.07  0.79  
12/19/2005 13:00 2.64 72.47 0.00 33.25 37.713 67.69 9.41 0.08  0.77  
12/23/2005 10:00 0.00 68.09 0.00 34.32 37.713 64.51 3.59 0.02  0.90  
12/27/2005 9:30 0.00 63.71 0.00 19.84 37.713 46.59 16.72 0.11  0.54  
12/30/2005 10:30 0.00 46.59 0.00 26.28 37.713 35.04 10.75 0.09 0.08 0.71 0.75 
1/2/2006 10:30 0.00 34.25 0.00 28.40 37.713 25.48 9.56 0.08  0.74  
1/6/2006 11:00 2.64 25.48 17.41 31.91 37.713 36.63 9.01 0.06  0.77  
1/10/2006 10:30 0.00 36.63 -1.02 23.90 37.713 21.90 13.94 0.09  0.62  
1/13/2006 11:30 0.00 21.90 17.41 28.52 37.713 29.87 9.16 0.08  0.75  
1/17/2006 10:00 26.05 29.87 -1.02 53.09 37.713 44.20 11.72 0.08  0.81  
1/20/2006 11:30 4.91 43.80 0.00 27.36 37.713 33.45 14.47 0.13  0.64  
1/24/2006 10:00 0.38 33.05 -2.03 29.97 37.713 23.49 7.94 0.05  0.79  
1/27/2006 11:00 9.44 23.49 17.41 29.16 37.713 31.86 18.60 0.16  0.60  
1/31/2006 9:00 0.00 31.86 -1.02 29.24 37.713 21.10 7.96 0.05 0.09 0.78 0.72 
2/7/2006 9:30 56.64 21.90 -1.02 78.10 37.713 60.13 19.21 0.07  0.80  
2/10/2006 10:30 6.42 60.13 0.00 23.99 37.713 46.59 19.56 0.17  0.54  
2/14/2006 9:45 0.00 46.19 -1.02 29.04 37.713 35.04 9.96 0.07  0.73  
2/17/2006 11:45 0.00 35.04 0.00 22.86 37.713 19.51 15.13 0.13  0.59  
2/21/2006 9:30 0.00 19.11 16.39 26.37 37.713 23.49 10.35 0.07  0.72  
2/24/2006 10:30 15.10 23.49 17.41 22.92 37.713 25.88 33.02 0.29  0.40  
2/28/2006 9:00 0.00 25.88 0.00 34.49 37.713 21.50 4.38 0.03 0.12 0.88 0.67 
3/3/2006 10:40 0.00 21.90 0.00 25.33 37.713 6.77 13.94 0.12  0.63  
3/7/2006 9:00 0.00 7.96 33.80 21.15 37.713 25.48 17.92 0.12  0.54  
3/10/2006 9:30 0.00 25.48 0.00 17.17 37.713 4.38 20.31 0.18  0.46  
3/13/2006 9:00 0.00 4.38 33.80 19.96 37.713 21.50 19.11 0.17  0.50  
3/17/2006 9:10 0.00 21.50 0.00 20.02 37.713 3.58 17.52 0.12  0.53  












































3/24/2006 10:30 0.00 13.94 17.41 16.94 37.713 10.35 22.30 0.20  0.40  
3/28/2006 9:00 0.00 10.35 33.80 17.70 37.713 23.10 20.31 0.13  0.46  
3/31/2006 10:00 0.00 23.49 17.41 16.65 37.713 19.11 21.90 0.19 0.15 0.41 0.48 
4/4/2006 9:00 0.00 18.72 33.80 18.91 37.713 33.85 19.51 0.13  0.48  
4/7/2006 11:30 0.00 34.64 0.00 17.90 37.713 13.94 19.51 0.17  0.47  
4/11/2006 9:00 29.83 13.54 -1.02 37.97 37.713 12.34 30.63 0.20  0.55  
4/14/2006 10:00 0.00 13.14 34.81 20.86 37.713 30.26 17.12 0.15  0.54  
4/18/2006 9:00 0.00 29.47 -2.03 18.68 37.713 7.57 19.91 0.13  0.46  
4/21/2006 9:00 0.00 7.57 34.81 16.83 37.713 19.91 21.10 0.19  0.44  
4/25/2006 9:00 9.06 20.31 34.81 22.86 37.713 40.62 25.39 0.17  0.46  
4/28/2006 9:00 0.38 40.62 0.00 12.62 37.713 15.93 25.07 0.22 0.17 0.32 0.46 
5/2/2006 10:00 0.00 21.50 33.80 16.33 37.713 34.25 18.72 0.12  0.49  
5/5/2006 9:00 0.00 33.85 34.81 14.39 37.713 44.60 24.29 0.21  0.36  
5/12/2006 9:00 43.42 44.60 0.00 29.10 37.713 36.63 51.39 0.19  0.36  
5/16/2006 10:00 0.00 37.43 0.00 30.49 37.713 31.86 3.98 0.03  0.89  
5/18/2006 10:00 0.00 31.86 17.41 30.20 37.713 43.01 7.96 0.07  0.79  
5/23/2006 10:00 0.00 43.01 16.39 18.22 37.713 43.01 17.52 0.12  0.52  
5/26/2006 10:00 4.15 43.01 34.81 16.04 37.713 54.16 25.26 0.22  0.38  
5/30/2006 10:00 61.17 46.99 -1.02 79.78 37.713 86.41 21.75 0.14 0.14 0.78 0.57 
6/2/2006 10:00 17.37 86.81 0.00 22.34 37.713 71.28 31.70 0.28  0.40  
6/6/2006 10:00 24.54 74.86 -1.02 29.36 37.713 62.92 36.49 0.24  0.40  
6/9/2006 10:00 0.00 62.92 0.00 28.78 37.713 54.16 7.96 0.07  0.78  
6/13/2006 10:00 78.16 53.76 -1.02 76.88 0.000 124.24 43.12 0.29  0.62  
6/16/2006 10:00 21.15 124.24 0.00 19.44 37.713 105.92 2.03 0.02  0.90  
6/20/2006 10:00 6.04 105.92 -1.02 21.06 37.713 89.99 22.77 0.15  0.48  
6/23/2006 10:00 0.00 89.99 0.00 20.05 37.713 73.67 16.72 0.15  0.53  












































6/30/2006 10:00 40.40 116.27 0.00 58.17 37.713 136.98 18.90 0.17 0.18 0.75 0.62 
7/4/2006 10:00 11.71 136.98 0.00 33.77 37.713 132.60 16.48 0.11  0.66  
7/7/2006 10:00 20.39 133.00 0.00 32.20 37.713 128.22 25.57 0.23  0.55  
7/11/2006 10:00 29.08 128.22 -1.02 44.39 37.713 133.80 23.10 0.15  0.64  
7/14/2006 10:00 22.28 133.80 0.00 34.38 37.713 130.61 25.07 0.22  0.57  
7/18/2006 10:00 47.58 131.80 0.00 50.77 0.000 180.78 34.44 0.23  0.59  
   -263.56  
    
Notes:    



















[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
     
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
     











































7/8/2005 10:00 0.00 88.40 0.00 9.57 18.86 78.84 - -  -  
7/11/2005 9:30 31.34 78.05 0.00 29.90 18.86 85.21 27.36 0.24  0.47  
7/15/2005 10:00 3.02 83.62 0.00 10.81 18.86 76.45 9.39 0.06  0.52  
7/18/2005 10:00 24.17 76.06 0.00 27.70 18.86 84.42 15.80 0.14  0.62  
7/22/2005 10:45 155.19 84.02 -14.07 114.27 18.86 164.06 62.01 -  0.64  
7/25/2005 10:00 0.00 163.66 0.00 10.52 18.86 155.30 7.57 -  0.57  
7/29/2005 11:00 0.00 155.70 -81.23 3.77 18.86 61.32 14.73 0.10 0.14 0.20 0.50 
8/1/2005 10:00 9.44 60.53 0.00 0.00 18.86 43.01 27.76 0.25  0.00  
8/5/2005 9:15 58.91 43.40 0.00 54.54 18.86 76.06 25.46 0.17  0.67  
8/8/2005 16:00 64.19 76.06 0.00 55.99 18.86 112.29 29.95 0.26  0.64  
8/12/2005 10:40 15.10 112.29 0.00 16.75 18.86 109.90 15.90 0.11  0.49  
8/15/2005 10:30 24.92 109.90 0.00 24.63 0.00 139.77 12.98 0.11  0.70  
8/19/2005 9:00 3.02 133.00 0.00 0.44 18.86 115.08 2.62 0.02  0.13  
8/22/2005 10:00 0.00 115.08 0.00 1.54 18.86 98.75 16.72 0.15  0.09  
8/25/2005 14:30 11.71 98.75 0.00 1.74 0.00 100.35 28.03 0.25 0.16 0.05 0.35 
8/29/2005 9:45 7.93 100.35 -1.02 0.07 18.86 82.03 7.93 0.05  0.00  
9/2/2005 10:00 60.42 82.03 0.00 34.81 18.86 104.33 36.92 0.24  0.52  
9/5/2005 13:30 17.37 104.73 -2.03 28.87 18.86 111.50 9.01 0.08  0.75  












































9/12/2005 10:00 3.78 131.01 -1.02 19.03 18.86 129.81 4.17 0.04  0.81  
9/16/2005 9:30 0.00 129.81 0.00 4.93 18.86 116.27 13.14 0.09  0.27  
9/19/2005 11:00 0.00 115.88 -1.02 1.60 18.86 98.36 17.12 0.15  0.07  
9/24/2005 9:30 104.22 98.36 0.00 91.53 18.86 167.24 34.93 0.19  0.71  
9/26/2005 10:00 0.00 166.85 -3.05 14.00 18.86 159.28 4.78 0.06  0.74  
9/30/2005 10:00 14.35 159.28 0.00 17.84 18.86 157.69 15.94 0.11 0.12 0.51 0.50 
10/3/2005 10:30 13.22 157.69 -1.02 15.98 18.86 153.71 16.00 0.14  0.49  
10/7/2005 9:30 97.42 153.31 -52.22 94.28 18.86 177.20 22.96 0.15  0.80  
10/10/2005 10:30 15.86 177.60 -18.42 31.56 18.86 171.62 5.11 0.05  0.85  
10/14/2005 10:00 19.64 171.23 0.00 24.37 18.86 175.61 14.46 0.10  0.62  
10/17/2005 11:00 0.00 175.61 -1.02 11.95 18.86 167.24 7.17 0.06  0.63  
10/21/2005 10:30 0.00 167.64 0.00 7.25 18.86 156.49 11.95 0.08  0.38  
10/26/2005 11:30 189.18 156.09 -165.36 195.82 0.00 187.15 13.97 0.07  0.93  
10/28/2005 10:30 0.00 186.76 0.00 0.00 18.86 168.44 0.00 0.00  -  
10/31/2005 10:30 0.00 168.44 -1.02 6.32 18.86 154.90 15.13 0.13 0.09 0.17 0.60 
11/4/2005 10:30 20.77 154.50 0.00 24.80 18.86 161.27 15.19 0.10  0.61  
11/7/2005 11:00 0.00 160.08 -1.02 9.34 18.86 149.72 7.96 0.07  0.52  
11/11/2005 11:30 0.00 149.33 0.00 9.20 18.86 140.56 8.76 0.06  0.51  
11/14/2005 11:00 1.51 139.77 -3.05 6.73 18.86 125.43 13.06 0.12  0.33  
11/18/2005 11:30 0.00 125.43 0.00 10.70 18.86 117.07 7.96 0.05  0.56  
11/21/2005 10:00 1.13 117.87 0.00 10.44 18.86 109.51 9.89 0.09  0.49  
11/28/2005 10:30 0.00 109.11 -1.02 8.70 18.86 98.75 9.96 0.04 0.07 0.44 0.49 
12/2/2005 9:30 12.84 98.75 0.00 13.05 18.86 94.77 16.82 0.11  0.45  
12/5/2005 10:30 0.00 93.98 0.00 7.89 18.86 84.02 9.56 0.08  0.45  
12/9/2005 12:30 57.77 83.62 0.00 60.85 18.86 122.65 18.75 0.12  0.75  
12/13/2005 11:00 5.66 122.25 -1.02 21.32 18.86 123.84 3.27 0.02  0.86  












































12/19/2005 13:00 2.64 117.07 0.00 15.38 18.86 113.89 5.83 0.05  0.72  
12/23/2005 10:00 0.00 113.89 0.00 14.80 18.86 109.51 4.78 0.03  0.73  
12/27/2005 9:30 0.00 108.71 0.00 10.01 18.86 100.74 7.57 0.05  0.57  
12/30/2005 10:30 0.00 100.74 0.00 7.98 18.86 90.39 10.35 0.09 0.07 0.42 0.61 
1/2/2006 10:30 0.00 89.99 0.00 9.66 18.86 81.23 8.76 0.08  0.51  
1/6/2006 11:00 2.64 81.23 0.00 10.85 18.86 74.07 10.21 0.07  0.50  
1/10/2006 10:30 0.00 73.67 -1.02 6.01 18.86 60.53 11.95 0.08  0.32  
1/13/2006 11:30 0.00 60.53 0.00 10.18 18.86 52.56 8.36 0.07  0.53  
1/17/2006 10:00 26.05 52.16 -1.02 32.96 18.86 64.91 13.31 0.09  0.69  
1/20/2006 11:30 4.91 64.51 0.00 1.48 18.86 47.78 20.04 0.18  0.07  
1/24/2006 10:00 2.27 47.78 -3.05 12.53 18.86 39.82 7.04 0.05  0.66  
1/27/2006 11:00 0.38 39.82 0.00 10.36 18.86 31.06 8.34 0.07  0.55  
1/31/2006 9:00 9.44 31.06 -1.02 11.46 18.86 22.30 17.01 0.11 0.09 0.40 0.47 
2/7/2006 9:30 56.64 22.30 -1.02 59.01 18.86 60.13 19.21 0.07  0.75  
2/10/2006 10:30 0.00 60.13 0.00 7.48 18.86 49.38 10.35 0.09  0.41  
2/14/2006 9:45 6.42 48.98 -1.02 10.21 18.86 38.23 15.98 0.11  0.34  
2/17/2006 11:45 0.00 38.23 0.00 7.22 18.86 26.28 10.35 0.09  0.43  
2/21/2006 9:30 0.00 26.28 -1.02 8.99 18.86 15.13 11.15 0.07  0.44  
2/24/2006 10:30 0.00 14.73 17.41 6.47 18.86 19.91 12.74 0.11  0.33  
2/28/2006 9:00 15.10 19.51 17.41 17.64 18.86 34.64 16.30 0.11 0.09 0.52 0.46 
3/3/2006 10:40 0.00 34.64 0.00 7.72 18.86 23.49 10.75 0.09  0.43  
3/7/2006 9:00 0.00 23.49 31.77 5.86 18.86 42.21 13.54 0.09  0.29  
3/10/2006 10:00 0.00 42.21 0.00 3.63 18.86 27.48 14.73 0.13  0.20  
3/13/2006 9:00 0.00 27.08 33.80 6.35 18.86 48.98 11.95 0.11  0.35  
3/17/2006 9:10 0.00 48.58 0.00 5.31 18.86 35.84 13.14 0.09  0.28  
3/21/2006 9:00 0.00 35.44 17.41 2.67 18.86 34.25 16.33 0.11  0.09  












































3/28/2006 9:00 0.00 19.11 16.39 3.51 18.86 21.10 15.53 0.10  0.17  
3/31/2006 10:00 0.00 21.10 0.00 3.83 18.86 5.97 14.73 0.13 0.11 0.20 0.24 
4/4/2006 9:00 0.00 5.18 32.78 4.70 18.86 25.48 13.94 0.09  0.26  
4/7/2006 11:30 0.00 25.09 17.41 3.39 18.86 27.08 15.13 0.13  0.17  
4/11/2006 9:00 29.83 26.68 -1.02 24.75 18.86 30.66 24.65 0.16  0.49  
4/14/2006 10:00 0.00 31.06 0.00 6.53 18.86 18.72 12.34 0.11  0.34  
4/18/2006 9:00 0.00 18.72 15.38 3.86 18.86 19.11 15.13 0.10  0.19  
4/21/2006 9:00 0.00 19.11 17.41 3.02 18.86 20.31 15.53 0.14  0.17  
4/25/2006 9:00 9.06 20.31 17.41 8.21 18.86 28.27 20.21 0.13  0.27  
4/28/2006 9:00 0.38 27.48 17.41 2.64 18.86 29.07 15.51 0.14 0.13 0.15 0.26 
5/2/2006 10:00 0.00 31.86 16.39 2.26 18.86 31.86 16.33 0.11  0.13  
5/5/2006 9:00 0.00 28.67 17.41 1.25 18.86 28.67 17.12 0.15  0.07  
5/12/2006 9:00 43.42 28.67 17.41 16.33 18.86 43.01 46.61 0.18  0.25  
5/16/2006 10:00 0.00 43.40 0.00 11.11 18.86 36.63 5.57 0.04  0.69  
5/19/2006 10:00 0.00 35.44 17.41 15.03 18.86 48.98 4.78 0.04  0.75  
5/23/2006 10:00 0.00 49.38 -1.02 3.19 18.86 33.05 13.94 0.09  0.22  
5/26/2006 10:00 4.15 33.05 17.41 2.32 18.86 34.25 20.08 0.18  0.12  
5/30/2006 10:00 61.17 34.25 -1.02 62.37 18.86 76.45 18.17 0.12 0.11 0.77 0.37 
6/2/2006 10:00 17.37 76.45 0.00 9.83 18.86 68.09 26.53 0.23  0.26  
6/6/2006 10:00 24.54 68.49 -1.02 14.97 18.86 63.31 26.54 0.18  0.37  
6/9/2006 10:00 0.00 63.31 0.00 17.41 18.86 57.34 7.96 0.07  0.60  
6/13/2006 10:00 78.16 57.34 -2.03 61.56 0.00 112.69 38.34 0.25  0.60  
6/16/2006 10:00 21.15 111.10 0.00 17.06 18.86 111.10 3.23 0.03  0.85  
6/20/2006 10:00 6.04 111.50 -1.02 0.00 18.86 92.38 23.96 0.16  0.00  
6/23/2006 10:00 0.00 91.98 0.00 4.99 18.86 79.24 13.94 0.12  0.24  
6/27/2006 10:00 84.96 79.24 -2.03 69.62 18.86 126.63 34.39 0.23  0.66  












































7/4/2006 10:00 11.71 150.12 0.00 16.45 18.86 147.73 14.49 0.10  0.52  
7/7/2006 10:00 20.39 147.73 0.00 14.51 18.86 144.15 24.37 0.22  0.36  
7/11/2006 10:00 29.08 144.15 -1.02 29.16 18.86 152.91 19.12 0.13  0.59  
7/14/2006 10:00 22.28 152.91 0.00 19.87 18.86 154.50 21.08 0.19  0.48  
7/18/2006 10:00 47.58 154.10 0.00 36.26 0.00 188.75 30.45 0.20  0.53  
   -331.30  
    
Notes:    




















[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
   
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
   










































7/8/2005 10:00 0.00 90.79 0.00 10.66 18.86 86.01 - -  -  
7/11/2005 9:30 31.34 84.42 0.00 24.66 18.86 89.99 23.38 0.21  0.50  
7/15/2005 10:00 3.02 89.60 0.00 9.86 18.86 80.83 11.38 0.08  0.45  
7/18/2005 10:00 24.17 80.83 0.00 27.79 18.86 88.40 16.20 0.14  0.62  
7/22/2005 10:45 155.19 89.20 -14.07 120.13 18.86 172.02 61.62 -  0.64  
7/25/2005 10:00 0.00 170.83 0.00 9.54 18.86 161.67 5.18 -  0.64  
7/29/2005 11:00 0.00 161.67 -79.78 3.13 18.86 67.30 15.13 0.10 0.13 0.17 0.50 
8/1/2005 10:00 9.44 66.90 0.00 0.38 18.86 49.38 28.16 0.25  0.00  
8/5/2005 9:15 58.91 49.38 0.00 54.25 18.86 82.83 24.66 0.16  0.68  
8/8/2005 16:00 64.19 82.03 0.00 55.12 18.86 120.65 29.95 0.26  0.64  
8/12/2005 10:40 15.10 120.26 0.00 13.71 18.86 115.48 15.90 0.11  0.45  
8/15/2005 10:30 24.92 115.48 0.00 28.84 0.00 138.57 19.74 0.17  0.54  
8/19/2005 9:00 3.02 138.57 0.00 0.00 18.86 120.26 3.02 0.02  0.00  
8/22/2005 10:00 0.00 120.26 0.00 1.38 18.86 103.53 16.72 0.15  0.09  
8/25/2005 14:30 11.71 103.93 0.00 1.89 0.00 105.52 28.43 0.25 0.05 
8/29/2005 9:45 7.93 105.12 -1.02 0.00 18.86 86.41 7.93 0.05 0.16 0.00 0.27 
9/2/2005 10:00 60.42 86.41 0.00 37.77 18.86 112.29 34.13 0.23  0.56  
9/5/2005 13:30 17.37 113.09 -2.03 28.14 18.86 118.66 9.41 0.08  0.74  











































9/12/2005 10:00 3.78 136.98 -1.02 17.91 18.86 134.99 4.57 0.04  0.79  
9/16/2005 9:30 0.00 134.99 0.00 4.93 18.86 121.05 13.14 0.09  0.27  
9/19/2005 11:00 0.00 121.05 -1.02 1.80 18.86 103.93 16.72 0.15  0.11  
9/24/2005 9:30 104.22 103.93 0.00 89.13 18.86 170.43 36.92 0.20  0.70  
9/26/2005 10:00 0.00 170.43 -3.05 13.69 18.86 162.47 5.18 0.07  0.72  
9/30/2005 10:00 14.35 162.47 0.00 16.83 18.86 160.08 16.74 0.11 0.13 0.49 0.55 
10/3/2005 10:30 13.22 160.08 -1.02 15.14 18.86 155.30 16.80 0.15  0.47  
10/7/2005 9:30 97.42 155.30 -52.22 94.28 18.86 178.00 23.36 0.15  0.80  
10/10/2005 10:30 15.86 178.39 -18.42 30.43 18.86 171.62 6.30 0.06  0.82  
10/14/2005 10:00 19.64 171.62 0.00 22.98 18.86 175.21 15.25 0.10  0.59  
10/17/2005 11:00 0.00 174.81 -1.02 12.18 18.86 166.45 6.77 0.06  0.64  
10/21/2005 10:30 0.00 166.85 0.00 7.03 18.86 155.70 11.55 0.08  0.40  
10/26/2005 11:30 189.18 155.30 -156.66 195.82 0.00 195.12 12.77 0.07  0.94  
10/28/2005 10:30 0.00 195.12 0.00 0.00 18.86 176.40 0.00 0.00  -  
10/31/2005 10:30 0.00 177.20 -1.02 5.00 18.86 161.27 13.94 0.12 0.09 0.26 0.61 
11/4/2005 10:30 20.77 161.27 0.00 24.34 18.86 166.45 15.99 0.11  0.60  
11/7/2005 11:00 0.00 166.85 -1.02 8.18 18.86 155.70 10.35 0.09  0.43  
11/11/2005 11:30 0.00 154.90 0.00 7.76 18.86 144.55 9.96 0.07  0.44  
11/14/2005 11:00 1.51 143.75 -2.03 4.79 18.86 129.02 15.45 0.14  0.22  
11/18/2005 11:30 0.00 128.62 0.00 9.54 18.86 119.46 8.36 0.06  0.52  
11/21/2005 10:00 1.13 119.86 0.00 8.79 18.86 109.90 11.09 0.10  0.43  
11/28/2005 10:30 0.00 109.90 -1.02 9.94 18.86 100.35 9.16 0.03 0.08 0.50 0.45 
12/2/2005 9:30 12.84 100.35 0.00 12.56 18.86 94.37 18.81 0.12  0.39  
12/5/2005 10:30 0.00 94.37 0.00 7.05 18.86 82.83 11.55 0.10  0.36  
12/9/2005 12:30 57.77 82.83 0.00 59.54 18.86 120.26 19.94 0.13  0.74  
12/13/2005 11:00 5.66 120.65 -1.02 18.89 18.86 119.46 6.06 0.04  0.75  











































12/19/2005 13:00 2.64 112.69 0.00 14.53 18.86 107.91 7.82 0.07  0.63  
12/23/2005 10:00 0.00 108.31 0.00 15.16 18.86 104.33 3.98 0.03  0.78  
12/27/2005 9:30 0.00 103.93 0.00 10.12 18.86 93.98 8.76 0.06  0.52  
12/30/2005 10:30 0.00 95.57 0.00 8.27 18.86 85.21 11.55 0.10 0.08 0.41 0.57 
1/2/2006 10:30 0.00 85.21 0.00 9.37 18.86 75.66 9.56 0.08  0.48  
1/6/2006 11:00 2.64 75.66 0.00 12.24 18.86 69.29 9.01 0.06  0.57  
1/10/2006 10:30 0.00 69.69 -1.02 5.86 18.86 56.15 12.74 0.08  0.30  
1/13/2006 11:30 0.00 56.15 0.00 9.34 18.86 46.59 8.36 0.07  0.53  
1/17/2006 10:00 26.05 46.59 -1.02 34.93 18.86 61.32 11.72 0.08  0.74  
1/20/2006 11:30 4.91 61.32 0.00 8.85 18.86 51.37 14.47 0.13  0.36  
1/24/2006 10:00 2.27 50.97 -3.05 11.17 18.86 39.42 9.43 0.06  0.53  
1/27/2006 11:00 0.38 39.82 0.00 10.88 18.86 31.86 8.34 0.07  0.56  
1/31/2006 9:00 9.44 30.66 -1.02 10.36 18.86 21.50 17.80 0.12 0.08 0.37 0.49 
2/7/2006 9:30 56.64 21.50 -1.02 59.65 18.86 60.13 16.82 0.06  0.78  
2/10/2006 10:30 0.00 60.53 0.00 6.73 18.86 48.58 11.95 0.11  0.36  
2/14/2006 9:45 6.42 48.58 -1.02 10.65 18.86 37.83 15.98 0.11  0.36  
2/17/2006 11:45 0.00 37.03 0.00 6.82 18.86 25.09 11.55 0.10  0.38  
2/21/2006 9:30 0.00 24.69 -1.02 8.18 18.86 13.54 10.35 0.07  0.46  
2/24/2006 10:30 0.00 12.74 17.41 5.98 18.86 17.12 12.34 0.11  0.33  
2/28/2006 9:00 15.10 16.72 17.41 17.09 18.86 31.86 17.49 0.12 0.10 0.49 0.45 
3/3/2006 10:40 0.00 32.25 0.00 7.75 18.86 20.31 10.35 0.09  0.41  
3/7/2006 9:00 0.00 20.71 31.77 5.31 18.86 39.02 14.34 0.09  0.25  
3/10/2006 10:00 0.00 39.02 0.00 3.42 18.86 23.10 15.13 0.13  0.17  
3/13/2006 9:00 0.00 22.70 33.80 5.66 18.86 44.60 13.94 0.12  0.27  
3/17/2006 9:10 0.00 44.20 0.00 5.22 18.86 31.06 13.54 0.09  0.28  
3/21/2006 9:00 0.00 30.26 17.41 2.38 18.86 29.07 17.12 0.11  0.07  











































3/28/2006 9:00 0.00 11.95 16.39 3.51 18.86 13.54 15.93 0.11  0.18  
3/31/2006 10:00 0.00 13.94 17.41 3.22 18.86 15.93 15.93 0.14 0.12 0.17 0.21 
4/4/2006 9:00 0.00 14.34 32.78 4.70 18.86 32.65 14.34 0.09  0.25  
4/7/2006 11:30 0.00 33.05 0.00 2.18 18.86 17.12 15.53 0.14  0.15  
4/11/2006 9:00 29.83 16.33 -1.02 22.69 18.86 18.73 26.25 0.17  0.46  
4/14/2006 10:00 0.00 19.51 0.00 6.24 18.86 6.37 13.12 0.12  0.31  
4/18/2006 9:00 0.00 5.18 32.78 1.19 18.86 21.50 18.32 0.12  0.04  
4/21/2006 9:00 0.00 21.50 17.41 2.26 18.86 22.30 15.53 0.14  0.11  
4/25/2006 9:00 9.06 22.70 17.41 6.73 18.86 27.87 21.41 0.14  0.23  
4/28/2006 9:00 0.38 27.48 17.41 2.38 18.86 28.67 17.10 0.15 0.13 0.10 0.21 
5/2/2006 10:00 0.00 29.87 16.39 1.65 18.86 27.87 16.33 0.11  0.13  
5/5/2006 9:00 0.00 27.87 17.41 1.16 18.86 27.08 19.11 0.17  0.08  
5/12/2006 9:00 43.42 27.48 17.41 16.77 18.86 41.41 47.80 0.18  0.24  
5/16/2006 10:00 0.00 39.02 0.00 12.04 18.86 33.45 7.17 0.05  0.63  
5/18/2006 10:00 0.00 35.84 17.41 14.45 18.86 48.98 3.98 0.04  0.77  
5/23/2006 10:00 0.00 48.58 -1.02 2.64 18.86 31.86 15.13 0.10  0.16  
5/26/2006 10:00 4.15 31.46 17.41 3.25 18.86 33.45 19.29 0.17  0.16  
5/30/2006 10:00 61.17 32.65 -1.02 62.37 18.86 76.06 18.96 0.13 0.12 0.76 0.36 
6/2/2006 10:00 17.37 75.66 0.00 13.58 18.86 70.08 21.35 0.19  0.38  
6/6/2006 10:00 24.54 71.28 -1.02 16.68 18.86 68.09 27.33 0.18  0.37  
6/9/2006 10:00 0.00 67.30 0.00 13.26 18.86 61.72 5.57 0.05  0.69  
6/13/2006 10:00 78.16 61.32 -2.03 66.14 0.00 122.65 32.37 0.21  0.66  
6/16/2006 10:00 21.15 122.65 0.00 14.77 18.86 118.66 7.21 0.06  0.66  
6/20/2006 10:00 6.04 118.66 -1.02 8.04 18.86 107.51 16.79 0.11  0.30  
6/23/2006 10:00 0.00 107.51 0.00 6.32 18.86 95.17 11.95 0.11  0.32  
6/27/2006 10:00 84.96 95.17 -2.03 68.75 18.86 142.56 36.38 0.24  0.65  











































7/4/2006 10:00 11.71 163.66 0.00 15.90 18.86 160.87 15.29 0.10  0.49  
7/7/2006 10:00 20.39 160.08 0.00 15.64 18.86 158.88 22.78 0.20  0.40  
7/11/2006 10:00 29.08 158.88 -1.02 19.67 18.86 157.69 27.08 0.18  0.40  
7/14/2006 10:00 22.28 157.69 0.00 18.89 18.86 157.69 22.28 0.20  0.45  
7/18/2006 10:00 47.58 157.69 0.00 37.71 0.00 194.32 29.26 0.19  0.56  
   -321.14
   
Notes:   




















[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
  






















7/8/2005  0.00 0.00 - -  -  
7/11/2005 9:30 31.34 32.49 -1.15 -0.01  1.04  
7/15/2005 10:00 3.02 2.64 0.38 0.00  0.87  
7/18/2005 10:00 27.19 27.21 -0.02 0.00  1.00  
7/21/2005 9:00 137.07 123.67 13.40 0.12  0.90  
7/22/2005 10:45 18.12 18.13 -0.01 -  1.00  
7/25/2005 10:00 0.00 0.00 0.00 -  -  
7/29/2005 11:00 0.00 0.00 0.00 0.00 0.02 - 0.96 
8/1/2005 10:00 9.44 9.28 0.16 0.00  0.98  
8/5/2005 9:15 58.91 58.02 0.89 0.01  0.98  
8/8/2005 16:00 64.19 66.00 -1.81 -0.02  1.03  
8/12/2005 10:40 15.10 15.38 -0.27 0.00  1.02  
8/15/2005 10:30 26.43 26.11 0.32 0.00  0.99  
8/19/2005 9:00 3.02 2.76 0.26 0.00  0.91  
8/22/2005 10:00 0.00 0.00 0.00 0.00 - 
8/25/2005 14:30 11.71 9.08 2.63 0.02 0.78 
8/29/2005 9:45 7.93 6.44 1.49 0.01 0.00 0.81 0.94 
9/2/2005 10:00 60.42 62.02 -1.61 -0.01  1.03  
9/5/2005 13:30 17.37 17.41 -0.04 0.00  1.00  
9/9/2005 10:00 45.69 45.26 0.43 0.00  0.99  
9/12/2005 10:00 3.78 3.48 0.29 0.00  0.92  
9/16/2005 9:30 0.00 0.00 0.00 0.00  -  
9/19/2005 11:00 0.00 0.00 0.00 0.00  -  























9/26/2005 10:00 0.00 0.00 0.00 0.00  -  
9/30/2005 10:00 14.35 13.20 1.15 0.01 0.00 0.92 0.98 
10/3/2005 10:30 13.22 11.89 1.32 0.01  0.90  
10/7/2005 9:30 97.42 97.27 0.15 0.00  1.00  
10/10/2005 10:30 15.86 15.81 0.05 0.00  1.00  
10/14/2005 10:00 19.64 19.15 0.49 0.00  0.98  
10/17/2005 11:00 0.00 0.00 0.00 0.00  -  
10/21/2005 10:30 0.00 0.00 0.00 0.00  -  
10/26/2005 11:30 189.18 188.57 0.61 0.01  1.00  
10/28/2005 10:30 0.00 0.00 0.00 0.00  -  
10/31/2005 10:30 0.00 0.00 0.00 0.00 0.00 - 0.97 
11/4/2005 10:30 20.77 20.68 0.08 0.00  1.00  
11/7/2005 11:00 0.00 0.00 0.00 0.00  -  
11/11/2005 11:30 0.00 0.00 0.00 0.00  -  
11/14/2005 11:00 1.51 1.25 0.26 0.00  0.83  
11/18/2005 11:30 0.00 0.00 0.00 0.00  -  
11/21/2005 10:00 1.13 1.13 0.00 0.00  1.00  
11/28/2005 10:30 0.00 0.00 0.00 0.00 0.00 - 0.94 
12/2/2005 9:30 12.84 12.84 0.00 0.00  1.00  
12/5/2005 10:30 0.00 0.00 0.00 0.00  -  
12/9/2005 12:30 57.77 56.11 1.67 0.01  0.97  
12/13/2005 11:00 5.66 5.40 0.27 0.00  0.95  
12/16/2005 10:30 1.89 1.86 0.03 0.00  0.98  
12/19/2005 13:00 2.64 2.61 0.03 0.00  0.99  
12/23/2005 10:00 0.00 0.00 0.00 0.00  -  
12/27/2005 9:30 0.00 0.00 0.00 0.00  -  
12/30/2005 10:30 0.00 0.00 0.00 0.00 0.00 - 0.98 
1/2/2006 10:30 0.00 0.00 0.00 0.00  -  























1/10/2006 10:30 0.00 0.00 0.00 0.00  -  
1/13/2006 11:30 0.00 0.00 0.00 0.00  -  
1/17/2006 10:00 26.05 25.91 0.15 0.00  0.99  
1/20/2006 11:30 4.91 4.87 0.04 0.00  0.99  
1/24/2006 11:00 2.27 1.97 0.29 0.00  0.87  
1/27/2006 11:00 0.38 0.15 0.23 0.00  0.38  
1/31/2006 9:00 9.44 9.34 0.10 0.00 0.00 0.99 0.86 
2/7/2006 9:30 56.64 56.57 0.07 0.00  1.00  
2/10/2006 10:30 0.00 0.00 0.00 0.00  -  
2/14/2006 9:45 6.42 6.15 0.27 0.00  0.96  
2/17/2006 11:45 0.00 0.00 0.00 0.00  -  
2/21/2006 9:30 0.00 0.00 0.00 0.00  -  
2/24/2006 10:30 0.00 0.00 0.00 0.00  -  
2/28/2006 9:00 15.10 14.88 0.22 0.00 0.00 0.99 0.98 
3/3/2006 10:40 0.00 0.00 0.00 0.00  -  
3/7/2006 9:00 0.00 0.00 0.00 0.00  -  
3/10/2006 9:30 0.00 0.00 0.00 0.00  -  
3/13/2006 9:00 0.00 0.00 0.00 0.00  -  
3/17/2006 9:00 0.00 0.00 0.00 0.00  -  
3/21/2006 9:00 0.00 0.00 0.00 0.00  -  
3/24/2006 10:30 0.00 0.00 0.00 0.00  -  
3/28/2006 9:00 0.00 0.00 0.00 0.00  -  
3/31/2006 10:00 0.00 0.00 0.00 0.00 0.00 - - 
4/4/2006 9:00 0.00 0.00 0.00 0.00  -  
4/7/2006 11:30 0.00 0.00 0.00 0.00  -  
4/11/2006 9:00 29.83 29.71 0.12 0.00  1.00  
4/14/2006 10:00 0.00 0.00 0.00 0.00  -  
4/18/2006 9:00 0.00 0.00 0.00 0.00  -  























4/25/2006 9:00 9.06 9.05 0.01 0.00  1.00  
4/28/2006 9:00 0.38 0.35 0.03 0.00 0.00 0.92 0.97 
5/2/2006 10:00 0.00 0.00 0.00 0.00  -  
5/5/2006 9:00 0.00 0.00 0.00 0.00  -  
5/12/2006 9:00 43.42 43.31 0.11 0.00  1.00  
5/16/2006 10:00 0.00 0.00 0.00 0.00  -  
5/19/2006 10:00 0.00 0.00 0.00 0.00  -  
5/23/2006 10:00 0.00 0.00 0.00 0.00  -  
5/26/2006 10:00 4.15 4.03 0.12 0.00  0.97  
5/30/2006 10:00 61.17 61.18 -0.01 0.00 0.00 1.00 0.99 
6/2/2006 10:00 17.37 17.03 0.34 0.00  0.98  
6/6/2006 10:00 24.54 24.19 0.35 0.00  0.99  
6/7/2006 10:00 20.39 20.22 0.17 0.00  0.99  
6/9/2006 10:00 0.00 0.00 0.00 0.00  -  
6/13/2006 10:00 78.16 77.89 0.27 0.00  1.00  
6/16/2006 10:00 21.15 21.09 0.06 0.00  1.00  
6/20/2006 10:00 6.04 5.74 0.30 0.00  0.95  
6/23/2006 10:00 0.00 0.00 0.00 0.00  -  
6/24/2006 10:00 84.96 84.71 0.25 0.00  1.00  
6/30/2006 10:00 40.40 40.24 0.17 0.00 0.00 1.00 0.99 
7/4/2006 10:00 11.71 11.52 0.19 0.00  0.98  
7/11/2006 10:00 29.08 28.92 0.15 0.00  0.99  
7/14/2006 10:00 22.28 22.05 0.23 0.00  0.99  
7/18/2006 10:00 47.58 47.37 0.20 0.00  1.00  
 1774.34  
  
Notes:  
The data is suspect on the following dates:  7/21/05; 7/22/05; 10/7/05; 10/26/05; 10/28/05 
 
 221
[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
  


















7/8/2005  0.00 0.00 - -  -  
7/11/2005 9:30 31.34 32.71 -1.37 -0.01  1.04  
7/15/2005 10:00 3.02 2.67 0.35 0.00  0.88  
7/18/2005 10:00 27.19 26.98 0.21 0.00  0.99  
7/22/2005 10:45 155.19 111.98 43.21 -  0.72  
7/25/2005 10:00 0.00 0.00 0.00 -  -  
7/29/2005 11:00 0.00 0.00 0.00 0.00 0.00 - 0.91 
8/1/2005 10:00 9.44 6.61 2.83 0.02  0.70  
8/5/2005 9:15 58.91 56.28 2.63 0.02  0.96  
8/8/2005 16:00 64.19 52.44 11.76 0.10  0.82  
8/12/2005 10:40 15.10 13.32 1.79 0.01  0.88  
8/15/2005 10:30 24.92 21.50 3.42 0.03  0.86  
8/19/2005 9:00 3.02 3.13 -0.11 0.00  1.04  
8/22/2005 10:00 0.00 0.00 0.00 0.00 - 
8/25/2005 14:30 11.71 9.52 2.19 0.02 0.81 
8/29/2005 9:45 7.93 7.60 0.33 0.00 0.02 0.96 0.88 
9/2/2005 10:00 60.42 58.19 2.22 0.01  0.96  
9/5/2005 13:30 17.37 17.91 -0.54 0.00  1.03  
9/9/2005 10:00 45.69 45.84 -0.15 0.00  1.00  
9/12/2005 10:00 3.78 3.77 0.00 0.00  1.00  
9/16/2005 9:30 0.00 0.00 0.00 0.00  -  
9/19/2005 11:00 0.00 0.00 0.00 0.00  -  
9/24/2005 9:30 104.22 104.64 -0.42 0.00  1.00  



















9/30/2005 10:00 14.35 15.38 -1.03 -0.01 0.00 1.07 1.01 
10/3/2005 10:30 13.22 11.05 2.16 0.02  0.84  
10/7/2005 9:30 97.42 92.02 5.40 0.04  0.94  
10/10/2005 10:30 15.86 15.30 0.56 0.00  0.96  
10/14/2005 10:00 19.64 18.54 1.10 0.01  0.94  
10/17/2005 11:00 0.00 0.00 0.00 0.00  -  
10/21/2005 10:30 0.00 0.00 0.00 0.00  -  
10/26/2005 11:30 189.18 188.57 0.61 0.00  1.00  
10/28/2005 10:30 0.00 0.00 0.00 0.00  -  
10/31/2005 10:30 0.00 0.00 0.00 0.00 0.01 - 0.94 
11/4/2005 10:30 20.77 18.91 1.85 0.01  0.91  
11/7/2005 11:00 0.00 0.00 0.00 0.00  -  
11/11/2005 11:30 0.00 0.00 0.00 0.00  -  
11/14/2005 11:00 1.51 1.04 0.47 0.00  0.69  
11/18/2005 11:30 0.00 0.00 0.00 0.00  -  
11/21/2005 10:00 1.13 0.84 0.29 0.00  0.74  
11/28/2005 10:30 0.00 0.00 0.00 0.00 0.00 - 0.78 
12/2/2005 9:30 12.84 10.39 2.45 0.02  0.81  
12/5/2005 10:30 0.00 0.00 0.00 0.00  -  
12/9/2005 12:30 57.77 57.41 0.36 0.00  0.99  
12/13/2005 11:00 5.66 4.50 1.17 0.01  0.79  
12/16/2005 10:30 1.89 1.42 0.47 0.00  0.75  
12/19/2005 13:00 2.64 2.03 0.61 0.01  0.77  
12/23/2005 10:00 0.00 0.00 0.00 0.00  -  
12/27/2005 9:30 0.00 0.00 0.00 0.00  -  
12/30/2005 10:30 0.00 0.00 0.00 0.00 0.00 - 0.82 
1/2/2006 10:30 0.00 0.00 0.00 0.00  -  
1/6/2006 11:00 2.64 1.71 0.93 0.01  0.65  



















1/13/2006 11:30 0.00 0.00 0.00 0.00  -  
1/17/2006 10:00 26.05 22.22 3.83 0.03  0.85  
1/20/2006 11:30 4.91 3.83 1.08 0.01  0.78  
1/24/2006 10:00 2.27 1.07 1.19 0.01  0.47  
1/27/2006 11:00 0.38 0.23 0.15 0.00  0.61  
1/31/2006 9:00 9.44 8.30 1.14 0.01 0.01 0.88 0.71 
2/7/2006 9:30 56.64 55.38 1.26 0.00  0.98  
2/10/2006 10:30 0.00 0.00 0.00 0.00  -  
2/14/2006 9:45 6.42 4.64 1.78 0.01  0.72  
2/17/2006 11:45 0.00 0.00 0.00 0.00  -  
2/21/2006 9:30 0.00 0.00 0.00 0.00  -  
2/24/2006 10:30 0.00 0.00 0.00 0.00  -  
2/28/2006 9:00 15.10 13.92 1.18 0.01 0.00 0.92 0.87 
3/3/2006 10:40 0.00 0.00 0.00 0.00  -  
3/7/2006 9:00 0.00 0.00 0.00 0.00  -  
3/10/2006 9:30 0.00 0.00 0.00 0.00  -  
3/13/2006 9:00 0.00 0.00 0.00 0.00  -  
3/17/2006 9:10 0.00 0.00 0.00 0.00  -  
3/21/2006 9:00 0.00 0.00 0.00 0.00  -  
3/24/2006 10:30 0.00 0.00 0.00 0.00  -  
3/28/2006 9:00 0.00 0.00 0.00 0.00  -  
3/31/2006 10:00 0.00 0.00 0.00 0.00 0.00 - - 
4/4/2006 9:00 0.00 0.00 0.00 0.00  -  
4/7/2006 11:30 0.00 0.00 0.00 0.00  -  
4/11/2006 9:00 29.83 28.89 0.94 0.01  0.97  
4/14/2006 10:00 0.00 0.00 0.00 0.00  -  
4/18/2006 9:00 0.00 0.00 0.00 0.00  -  
4/21/2006 9:00 0.00 0.00 0.00 0.00  -  



















4/28/2006 9:00 0.38 0.00 0.38 0.00 0.00 - 0.83 
5/2/2006 10:00 0.00 0.00 0.00 0.00  -  
5/5/2006 9:00 0.00 0.00 0.00 0.00  -  
5/12/2006 9:00 43.42 39.22 4.20 0.02  0.90  
5/16/2006 10:00 0.00 0.00 0.00 0.00  -  
5/19/2006 10:00 0.00 0.00 0.00 0.00  -  
5/23/2006 10:00 0.00 0.00 0.00 0.00  -  
5/26/2006 10:00 4.15 3.77 0.38 0.00  0.91  
5/30/2006 10:00 61.17 37.45 23.72 0.16 0.02 0.61 0.81 
6/2/2006 10:00 17.37 13.69 3.68 0.03  0.79  
6/6/2006 10:00 21.52 21.50 0.03 0.00  1.00  
6/7/2006 10:00 20.39 19.06 1.33 0.01  0.93  
6/9/2006 10:00 0.00 0.00 0.00 0.00  -  
6/13/2006 10:00 78.16 59.79 18.37 0.16  0.76  
6/16/2006 10:00 21.15 18.25 2.90 0.02  0.86  
6/20/2006 10:00 6.04 2.70 3.34 0.03  0.45  
6/23/2006 10:00 0.00 0.00 0.00 0.00  -  
6/24/2006 10:00 84.96 81.00 3.96 0.03  0.95  
6/30/2006 10:00 40.40 37.74 2.66 0.02 0.03 0.93 0.84 
7/4/2006 10:00 11.71 10.50 1.20 0.01  0.90  
7/11/2006 10:00 29.08 28.75 0.33 0.00  0.99  
7/14/2006 10:00 22.28 19.70 2.58 0.02  0.88  
7/18/2006 10:00 47.58 30.81 16.77 0.11  0.65  
  1769.811
Notes:  





[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
    
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
   











































7/8/2005 10:00 0.00 88.40 0.00 32.64 37.71 82.83 - -  -  
7/11/2005 9:30 31.34 83.22 0.00 42.37 37.71 87.60 26.56 0.23  0.60  
7/15/2005 10:00 3.02 87.21 0.00 29.36 37.71 79.24 10.98 0.07  0.71  
7/18/2005 10:00 24.17 78.84 0.00 46.39 37.71 86.01 15.80 0.14  0.73  
7/22/2005 10:45 155.19 86.41 -14.07 100.64 37.71 149.33 89.89 -  0.53  
7/25/2005 10:00 0.00 148.93 0.00 29.88 37.71 140.96 -1.19 -  1.04  
7/29/2005 11:00 0.00 141.36 -26.11 17.70 37.71 101.54 15.53 0.10 0.14 0.57 0.70 
8/1/2005 10:00 9.44 101.54 0.00 20.89 37.71 85.21 25.77 0.23  0.43  
8/5/2005 9:15 58.91 85.21 0.00 83.43 37.71 127.42 16.30 0.11  0.83  
8/8/2005 16:00 64.19 127.42 0.00 79.75 37.71 174.01 28.35 0.25  0.72  
8/12/2005 10:40 15.10 173.62 -17.41 32.98 37.71 152.11 11.52 0.08  0.72  
8/15/2005 10:30 24.92 152.11 0.00 46.13 37.71 159.28 14.57 0.13  0.75  
8/19/2005 9:00 3.02 159.28 0.00 32.61 37.71 154.50 8.60 0.06  0.79  
8/22/2005 10:00 0.00 154.50 0.00 22.63 37.71 137.38 15.13 0.13  0.58  
8/25/2005 14:30 11.71 135.39 0.00 28.14 0.00 162.07 23.25 0.21 0.15 0.53 0.67 
8/29/2005 9:45 7.93 162.07 -1.02 1.33 37.71 126.63 6.73 0.04  0.15  
9/2/2005 10:00 60.42 125.83 0.00 65.30 37.71 156.49 28.16 0.19  0.71  
9/5/2005 13:30 17.37 156.09 -1.02 50.41 37.71 166.45 5.82 0.05  0.89  












































9/12/2005 10:00 3.78 177.60 -11.75 37.79 37.71 165.65 4.97 0.04  0.88  
9/16/2005 9:30 0.00 165.65 0.00 24.44 37.71 152.91 13.54 0.09  0.64  
9/19/2005 11:00 0.00 152.51 -1.02 22.11 37.71 136.18 15.53 0.14  0.58  
9/24/2005 9:30 104.22 136.18 -47.87 112.71 37.71 165.65 28.56 0.15  0.80  
9/26/2005 10:00 0.00 166.05 -1.02 33.43 37.71 160.47 5.18 0.07  0.86  
9/30/2005 10:00 14.35 160.87 0.00 40.03 37.71 164.06 12.76 0.08 0.10 0.75 0.70 
10/3/2005 10:30 13.22 158.48 -2.03 41.63 37.71 160.87 6.84 0.06  0.86  
10/7/2005 9:30 97.42 161.27 -69.62 116.04 37.71 171.62 18.98 0.13  0.86  
10/10/2005 10:30 15.86 172.02 -18.42 51.06 37.71 166.85 4.31 0.04  0.92  
10/14/2005 10:00 19.64 166.45 0.00 42.79 37.71 171.23 14.06 0.09  0.75  
10/17/2005 11:00 0.00 171.23 -1.02 31.94 37.71 164.46 6.37 0.06  0.83  
10/21/2005 10:30 0.00 164.85 0.00 27.27 37.71 154.50 10.75 0.07  0.71  
10/26/2005 11:30 189.18 154.90 -181.31 214.68 0.00 185.96 14.37 0.10  0.94  
10/28/2005 10:30 0.00 186.36 0.00 0.00 37.71 149.33 0.00 0.00  -  
10/31/2005 10:30 0.00 149.72 -1.02 25.62 37.71 133.00 12.74 0.11 0.07 0.66 0.81 
11/4/2005 10:30 20.77 132.20 0.00 50.62 37.71 144.94 12.41 0.08  0.80  
11/7/2005 11:00 0.00 145.34 -1.02 29.36 37.71 136.58 7.57 0.07  0.79  
11/11/2005 11:30 0.00 135.39 0.00 28.72 37.71 127.42 7.57 0.05  0.79  
11/14/2005 11:00 1.51 126.63 -1.02 25.24 37.71 113.89 13.46 0.12  0.64  
11/18/2005 11:30 0.00 113.89 0.00 30.72 37.71 106.32 6.77 0.04  0.81  
11/21/2005 10:00 1.13 107.12 0.00 29.37 37.71 98.75 9.89 0.09  0.74  
11/28/2005 10:30 0.00 99.15 -3.05 28.95 37.71 88.00 8.76 0.03 0.07 0.76 0.76 
12/2/2005 9:30 12.84 87.60 0.00 32.35 37.71 82.03 17.62 0.12  0.64  
12/5/2005 10:30 0.00 82.03 0.00 27.62 37.71 72.47 9.96 0.09  0.73  
12/9/2005 12:30 57.77 72.47 0.00 80.79 37.71 112.69 17.95 0.12  0.81  
12/13/2005 11:00 5.66 112.69 -1.02 39.31 37.71 113.09 4.07 0.03  0.90  












































12/19/2005 13:00 2.64 104.33 0.00 34.38 37.71 101.14 6.23 0.05  0.84  
12/23/2005 10:00 0.00 101.14 0.00 34.32 37.71 97.56 3.58 0.02  0.90  
12/27/2005 9:30 0.00 97.16 0.00 24.28 37.71 82.43 13.14 0.09  0.63  
12/30/2005 10:30 0.00 83.62 0.00 27.30 37.71 73.67 11.15 0.10 0.08 0.70 0.77 
1/2/2006 10:30 0.00 71.68 0.00 28.84 37.71 64.51 7.17 0.06  0.80  
1/6/2006 11:00 2.64 64.51 0.00 31.74 37.71 58.14 9.01 0.06  0.77  
1/10/2006 10:30 0.00 58.93 -1.02 25.24 37.71 45.39 11.95 0.08  0.67  
1/13/2006 11:30 0.00 45.39 0.00 29.62 37.71 37.03 7.96 0.07  0.78  
1/17/2006 10:00 26.05 36.63 -1.02 54.60 37.71 53.76 10.13 0.07  0.84  
1/20/2006 11:30 4.91 52.96 0.00 27.88 37.71 43.01 13.27 0.12  0.66  
1/24/2006 10:00 2.27 43.01 -1.02 32.09 37.71 36.63 7.44 0.05  0.81  
1/27/2006 11:00 0.38 36.63 0.00 30.84 37.71 29.47 7.15 0.06  0.81  
1/31/2006 9:00 9.44 28.67 -1.02 30.58 37.71 19.91 17.01 0.11 0.08 0.63 0.75 
2/7/2006 9:30 56.64 20.71 -1.02 80.13 37.71 61.32 16.42 0.06  0.83  
2/10/2006 10:30 0.00 60.92 0.00 27.41 37.71 51.77 9.96 0.09  0.72  
2/14/2006 9:45 6.42 51.77 -3.05 29.30 37.71 39.02 15.18 0.10  0.63  
2/17/2006 11:45 0.00 39.02 0.00 27.33 37.71 27.87 10.35 0.09  0.71  
2/21/2006 9:30 0.00 27.48 16.39 28.72 37.71 34.25 8.36 0.06  0.77  
2/24/2006 10:30 0.00 34.25 17.41 26.17 37.71 39.82 13.14 0.12  0.66  
2/28/2006 9:00 15.10 39.42 0.00 37.92 37.71 39.02 13.91 0.09 0.09 0.73 0.72 
3/3/2006 10:40 0.00 38.63 0.00 28.52 37.71 29.87 10.35 0.09  0.73  
3/7/2006 9:00 0.00 29.47 33.80 23.99 37.71 51.77 13.14 0.09  0.64  
3/10/2006 10:00 0.00 51.77 0.00 22.63 37.71 37.43 14.34 0.13  0.60  
3/13/2006 9:00 0.00 37.03 32.78 25.36 37.71 56.94 12.74 0.11  0.65  
3/17/2006 9:10 0.00 56.54 0.00 25.30 37.71 44.60 12.34 0.08  0.66  
3/21/2006 9:00 0.00 44.60 17.41 20.25 37.71 43.01 18.32 0.12  0.49  












































3/28/2006 9:00 0.00 27.08 33.80 22.72 37.71 47.78 14.26 0.09  0.62  
3/31/2006 10:00 0.00 47.78 0.00 22.95 37.71 32.65 15.21 0.13 0.11 0.59 0.62 
4/4/2006 9:00 0.00 32.25 32.78 23.47 37.71 51.37 14.73 0.10  0.60  
4/7/2006 11:30 0.00 51.37 0.00 22.22 37.71 35.84 15.13 0.13  0.58  
4/11/2006 9:00 29.83 35.44 -1.02 44.15 37.71 40.58 23.25 0.15  0.65  
4/14/2006 10:00 0.00 41.41 0.00 27.44 37.71 31.06 9.40 0.08  0.75  
4/18/2006 9:00 0.00 30.26 -1.02 24.02 37.71 15.93 14.73 0.10  0.61  
4/21/2006 9:00 0.00 15.93 34.81 22.69 37.71 35.84 15.13 0.13  0.59  
4/25/2006 9:00 9.06 35.84 17.41 27.91 37.71 43.80 19.81 0.13  0.57  
4/28/2006 9:00 0.38 43.40 0.00 22.57 37.71 28.67 14.71 0.13 0.12 0.60 0.62 
5/2/2006 10:00 0.00 29.47 33.80 21.53 37.71 47.39 15.53 0.10  0.58  
5/5/2006 9:00 0.00 46.59 17.41 21.32 37.71 48.18 15.53 0.14  0.58  
5/12/2006 9:00 43.42 48.18 0.00 37.77 37.71 49.38 42.63 0.16  0.47  
5/16/2006 10:00 0.00 49.38 0.00 31.27 37.71 43.40 6.37 0.04  0.82  
5/18/2006 10:00 0.00 43.80 0.00 35.51 37.71 41.81 1.59 0.01  0.96  
5/23/2006 10:00 0.00 41.01 -1.02 22.98 37.71 25.09 13.94 0.09  0.62  
5/26/2006 10:00 4.15 25.88 34.81 19.76 37.71 43.01 22.87 0.20  0.44  
5/30/2006 10:00 61.17 41.01 -1.02 83.26 37.71 83.22 16.97 0.11 0.11 0.83 0.66 
6/2/2006 10:00 17.37 84.82 0.00 24.92 37.71 72.47 30.51 0.27  0.44  
6/6/2006 10:00 24.54 72.47 -1.02 33.30 37.71 66.52 29.32 0.19  0.51  
6/9/2006 10:00 0.00 66.50 0.00 32.03 37.71 60.53 6.75 0.06  0.81  
6/13/2006 10:00 78.16 60.53 -1.02 78.94 0.00 134.19 39.14 0.26  0.66  
6/16/2006 10:00 21.15 134.19 0.00 16.01 37.71 113.09 6.01 0.05  0.72  
6/20/2006 10:00 6.04 113.09 -2.03 25.85 37.71 100.35 17.59 0.12  0.58  
6/23/2006 10:00 0.00 100.35 0.00 24.43 37.71 87.60 11.95 0.11  0.66  
6/27/2006 10:00 84.96 87.60 -1.02 87.03 37.71 136.98 34.39 0.23  0.72  












































7/4/2006 10:00 11.71 160.47 0.00 34.73 37.71 157.69 17.28 0.11  0.66  
7/7/2006 10:00 20.39 156.89 0.00 36.15 37.71 155.70 20.79 0.18  0.63  
7/11/2006 10:00 29.08 155.70 -1.02 45.02 37.71 161.27 22.31 0.15  0.66  
7/14/2006 10:00 22.28 161.67 0.00 38.73 37.71 162.47 21.88 0.19  0.63  
7/18/2006 10:00 47.58 162.47 0.00 49.32 37.71 171.23 38.82 0.26  0.54  
   -399.62
   
Notes:   




















[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
   
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
   











































7/8/2005 10:00 0.00 33.45 0.00 31.55 37.71 25.48 - -  -  
7/11/2005 9:30 31.34 27.08 0.00 42.15 37.71 31.06 30.54 0.27  0.57  
7/15/2005 10:00 3.02 31.06 0.00 30.26 37.71 23.89 9.79 0.06  0.75  
7/18/2005 10:00 24.17 23.10 0.00 45.60 37.71 30.66 16.60 0.15  0.73  
7/22/2005 10:45 155.19 31.06 -1.02 114.24 37.71 109.90 76.35 -  0.60  
7/25/2005 10:00 0.00 109.51 0.00 29.91 37.71 101.94 7.96 -  0.78  
7/29/2005 11:00 0.00 101.94 -33.36 21.18 37.71 54.16 15.53 0.10 0.15 0.56 0.67 
8/1/2005 10:00 9.44 53.76 34.81 20.38 37.71 71.28 26.56 0.23  0.41  
8/5/2005 9:15 58.91 70.48 0.00 83.72 37.71 113.09 14.31 0.09  0.85  
8/8/2005 16:00 64.19 113.09 0.00 75.22 29.01 160.47 25.17 0.22  0.75  
8/12/2005 10:40 15.10 160.08 -8.70 31.11 37.71 145.74 13.51 0.09  0.69  
8/15/2005 10:30 24.92 145.74 0.00 53.81 37.71 151.71 18.15 0.16  0.70  
8/19/2005 9:00 3.02 151.71 0.00 32.64 37.71 146.54 9.39 0.06  0.77  
8/22/2005 10:00 0.00 146.14 0.00 21.24 37.71 130.61 15.13 0.13  0.58  
8/25/2005 14:30 11.71 131.01 0.00 22.34 0.00 152.11 26.84 0.24 0.15 0.44 0.65 
8/29/2005 9:45 7.93 151.71 -1.02 1.25 37.71 116.27 6.73 0.04  0.15  
9/2/2005 10:00 60.42 115.88 0.00 75.25 37.71 151.32 23.78 0.16  0.75  
9/5/2005 13:30 17.37 151.32 -1.02 49.46 37.71 160.08 6.62 0.06  0.88  












































9/12/2005 10:00 3.78 170.43 -11.75 37.92 37.71 158.48 4.57 0.04  0.89  
9/16/2005 9:30 0.00 158.48 0.00 22.27 37.71 143.75 15.53 0.10  0.58  
9/19/2005 11:00 0.00 143.35 -1.02 20.42 37.71 125.83 17.12 0.15  0.53  
9/24/2005 9:30 104.22 125.83 -47.87 112.27 37.71 154.50 29.75 0.16  0.79  
9/26/2005 10:00 0.00 154.90 -1.02 31.80 37.71 148.13 6.37 0.08  0.83  
9/30/2005 10:00 14.35 147.73 0.00 38.76 37.71 148.13 13.15 0.09 0.10 0.74 0.68 
10/3/2005 10:30 13.22 148.53 -3.05 38.87 37.71 144.55 14.41 0.13  0.71  
10/7/2005 9:30 97.42 144.55 -52.22 118.94 37.71 172.42 17.38 0.12  0.87  
10/10/2005 10:30 15.86 172.82 -18.42 49.32 37.71 162.07 6.30 0.06  0.88  
10/14/2005 10:00 19.64 161.27 0.00 47.03 37.71 171.23 13.26 0.09  0.78  
10/17/2005 11:00 0.00 170.83 -1.02 31.56 37.71 163.66 6.37 0.06  0.83  
10/21/2005 10:30 0.00 164.06 0.00 25.53 37.71 151.71 12.74 0.08  0.66  
10/26/2005 11:30 189.18 152.11 -179.86 214.68 0.00 187.95 12.77 0.07  0.94  
10/28/2005 10:30 0.00 187.95 0.00 0.00 37.71 151.32 0.00 0.00  -  
10/31/2005 10:30 0.00 151.32 -1.02 25.47 37.71 138.18 12.34 0.11 0.08 0.66 0.79 
11/4/2005 10:30 20.77 137.78 0.00 46.16 37.71 145.74 12.41 0.08  0.78  
11/7/2005 11:00 0.00 145.74 -1.02 29.01 37.71 136.18 8.76 0.08  0.76  
11/11/2005 11:30 0.00 135.79 0.00 27.70 37.71 126.23 9.16 0.06  0.75  
11/14/2005 11:00 1.51 125.83 -1.02 24.66 37.71 111.89 15.05 0.13  0.61  
11/18/2005 11:30 0.00 112.29 0.00 30.52 37.71 105.12 7.57 0.05  0.79  
11/21/2005 10:00 1.13 105.52 0.00 28.94 37.71 97.16 9.89 0.09  0.73  
11/28/2005 10:30 0.00 96.76 -3.05 28.50 37.71 85.21 9.16 0.03 0.08 0.74 0.74 
12/2/2005 9:30 12.84 85.21 0.00 31.91 37.71 79.64 18.41 0.12  0.62  
12/5/2005 10:30 0.00 80.83 0.00 26.23 37.71 69.69 11.15 0.10  0.69  
12/9/2005 12:30 57.77 69.29 0.00 80.18 37.71 110.70 16.36 0.11  0.82  
12/13/2005 11:00 5.66 110.70 -1.02 39.42 37.71 111.10 4.07 0.03  0.90  












































12/19/2005 13:00 2.64 105.12 0.00 34.23 37.71 101.54 6.23 0.05  0.84  
12/23/2005 10:00 0.00 101.94 0.00 34.32 37.71 98.36 3.98 0.03  0.89  
12/27/2005 9:30 0.00 97.56 0.00 24.46 37.71 84.82 11.55 0.08  0.68  
12/30/2005 10:30 0.00 86.41 0.00 26.62 37.71 75.66 11.95 0.11 0.08 0.68 0.77 
1/2/2006 10:30 0.00 75.26 0.00 28.69 37.71 66.50 8.36 0.07  0.77  
1/6/2006 11:00 2.64 66.50 0.00 31.39 37.71 60.53 9.81 0.06  0.75  
1/10/2006 10:30 0.00 60.53 -1.02 24.75 37.71 46.59 11.95 0.08  0.66  
1/13/2006 11:30 0.00 46.59 0.00 29.16 37.71 38.23 8.36 0.07  0.77  
1/17/2006 10:00 26.05 37.43 -1.02 52.62 37.71 50.17 12.91 0.09  0.79  
1/20/2006 11:30 4.91 50.97 0.00 27.56 37.71 41.01 14.47 0.13  0.65  
1/24/2006 10:00 2.27 41.01 -1.02 31.62 37.71 33.85 8.24 0.05  0.79  
1/27/2006 11:00 0.38 34.25 0.00 30.29 37.71 26.68 7.94 0.07  0.79  
1/31/2006 9:00 9.44 26.68 -1.02 29.65 37.71 16.72 17.40 0.12 0.08 0.62 0.73 
2/7/2006 9:30 56.64 16.72 -1.02 79.78 37.71 57.34 17.22 0.07  0.82  
2/10/2006 10:30 0.00 57.34 0.00 25.82 37.71 45.39 11.15 0.10  0.69  
2/14/2006 9:45 6.42 45.39 -3.05 29.10 37.71 33.05 16.37 0.11  0.62  
2/17/2006 11:45 0.00 31.86 0.00 26.25 37.71 19.91 10.35 0.09  0.71  
2/21/2006 9:30 0.00 19.51 16.39 27.97 37.71 26.28 10.75 0.07  0.72  
2/24/2006 10:30 0.00 25.48 17.41 25.73 37.71 31.06 11.95 0.11  0.67  
2/28/2006 9:00 15.10 30.26 0.00 37.48 37.71 28.67 15.10 0.10 0.09 0.71 0.70 
3/3/2006 10:40 0.00 29.07 0.00 27.10 37.71 17.92 11.55 0.10  0.70  
3/7/2006 9:00 0.00 18.32 33.80 24.11 37.71 38.63 15.13 0.10  0.60  
3/10/2006  0.00 38.63 0.00 22.11 37.71 23.10 15.13 0.13  0.58  
3/13/2006 9:00 0.00 22.70 32.78 24.75 37.71 42.61 13.14 0.12  0.64  
3/17/2006 9:10 0.00 41.81 0.00 24.17 37.71 29.07 12.74 0.08  0.64  
3/21/2006 9:00 0.00 28.27 34.81 17.46 37.71 44.20 18.32 0.12  0.49  












































3/28/2006 9:00 0.00 26.28 33.80 21.26 37.71 44.60 16.72 0.11  0.55  
3/31/2006 10:00 0.00 45.00 0.00 21.90 37.71 29.07 14.73 0.13 0.11 0.59 0.60 
4/4/2006 9:00 0.00 27.87 32.78 23.12 37.71 47.78 15.13 0.10  0.59  
4/7/2006 11:30 0.00 47.78 0.00 21.35 37.71 32.25 15.13 0.13  0.57  
4/11/2006 9:00 29.83 31.06 -1.02 43.54 37.71 35.84 24.26 0.16  0.63  
4/14/2006 10:00 0.00 36.24 17.41 26.17 37.71 42.18 11.15 0.10  0.69  
4/18/2006 9:00 0.00 41.41 -1.02 23.24 37.71 25.88 14.37 0.10  0.60  
4/21/2006 9:00 0.00 26.28 34.81 21.32 37.71 44.60 15.93 0.14  0.57  
4/25/2006 9:00 9.06 44.20 17.41 27.79 37.71 52.16 18.62 0.12  0.59  
4/28/2006 9:00 0.38 51.77 0.00 21.53 37.71 36.24 15.91 0.14 0.12 0.56 0.60 
5/2/2006 10:00 0.00 36.63 16.42 21.29 37.71 36.63 14.34 0.09  0.60  
5/5/2006 9:00 0.00 35.84 17.41 20.45 37.71 36.24 20.31 0.18  0.47  
5/12/2006 9:00 43.42 36.24 0.00 37.77 37.71 36.24 43.03 0.16  0.45  
5/16/2006 10:00 0.00 35.44 0.00 30.52 37.71 28.27 6.77 0.04  0.81  
5/18/2006 10:00 0.00 28.67 17.41 34.64 37.71 43.40 3.58 0.03  0.90  
5/23/2006 10:00 0.00 42.61 -1.02 22.72 37.71 27.08 13.54 0.09  0.62  
5/26/2006 10:00 4.15 26.68 34.81 19.38 37.71 43.80 22.07 0.19  0.45  
5/30/2006 10:00 61.17 43.01 -1.02 79.78 37.71 83.62 19.36 0.13 0.12 0.80 0.64 
6/2/2006 10:00 17.37 84.42 0.00 25.79 37.71 72.47 29.32 0.26  0.45  
6/6/2006 10:00 24.54 72.47 -1.02 33.39 37.71 67.69 28.53 0.19  0.53  
6/9/2006 10:00 0.00 67.69 0.00 31.56 37.71 61.72 7.17 0.06  0.80  
6/13/2006 10:00 78.16 61.72 -1.02 80.50 0.00 136.58 37.15 0.25  0.67  
6/16/2006 10:00 21.15 136.58 0.00 16.19 37.71 116.27 5.62 0.05  0.73  
6/20/2006 10:00 6.04 116.27 -2.03 25.01 37.71 101.94 18.39 0.12  0.56  
6/23/2006 10:00 0.00 101.54 0.00 24.80 37.71 89.99 12.34 0.11  0.66  
6/27/2006 10:00 84.96 89.99 -1.02 87.03 37.71 138.18 35.18 0.23  0.71  












































7/4/2006 10:00 11.71 162.07 0.00 34.87 37.71 158.88 13.70 0.09  0.71  
7/7/2006 10:00 20.39 158.88 0.00 35.13 37.71 156.09 24.37 0.22  0.58  
7/11/2006 10:00 29.08 156.09 -1.02 49.38 37.71 165.65 17.53 0.12  0.73  
7/14/2006 10:00 22.28 165.65 0.00 40.56 37.71 168.84 19.49 0.17  0.67  
7/18/2006 10:00 47.58 168.84 0.00 43.52 0.00 209.85 43.20 0.29  0.49  
   -365.24
   
Notes:   




















[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
    
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
    










































7/8/2005 10:00 0.00 83.62 0.00 12.69 18.86 79.64 - -  -  
7/11/2005 9:30 31.34 78.84 0.00 23.35 18.86 83.22 26.56 0.23  0.46  
7/15/2005 10:00 3.02 82.83 0.00 11.89 18.86 76.06 9.79 0.06  0.53  
7/18/2005 10:00 24.17 76.06 0.00 28.65 18.86 85.21 16.20 0.14  0.62  
7/22/2005 10:45 155.19 84.82 -14.07 121.84 18.86 166.45 55.64 -  0.68  
7/25/2005 10:00 0.00 168.44 0.00 11.89 18.86 161.27 9.16 -  0.56  
7/29/2005 11:00 0.00 161.67 -81.23 3.45 18.86 63.71 15.53 0.10 0.14 0.17 0.50 
8/1/2005 10:00 9.44 62.92 0.00 1.31 18.86 46.59 26.56 0.23  0.04  
8/5/2005 9:15 58.91 46.59 0.00 65.13 18.86 89.99 14.71 0.10  0.81  
8/8/2005 16:00 64.19 89.60 0.00 63.53 18.86 136.18 22.38 0.20  0.73  
8/12/2005 10:40 15.10 134.59 0.00 16.83 18.86 133.80 11.92 0.08  0.58  
8/15/2005 10:30 24.92 133.40 0.00 28.14 0.00 160.08 15.76 0.14  0.63  
8/19/2005 9:00 3.02 159.68 0.00 0.00 18.86 141.36 3.02 0.02  0.00  
8/22/2005 10:00 0.00 141.76 0.00 3.25 18.86 126.63 15.13 0.13  0.17  
8/25/2005 14:30 11.71 127.03 0.00 4.21 0.00 131.01 26.04 0.23 0.14 0.13 0.39 
8/29/2005 9:45 7.93 130.61 -1.02 0.32 18.86 111.89 7.93 0.05  0.00  
9/2/2005 10:00 60.42 111.50 0.00 53.99 18.86 144.94 26.17 0.17  0.66  
9/5/2005 13:30 17.37 144.94 -1.02 32.35 18.86 156.09 5.42 0.05  0.85  











































9/12/2005 10:00 3.78 181.18 -11.75 19.58 18.86 170.03 3.38 0.03  0.85  
9/16/2005 9:30 0.00 170.03 0.00 5.34 18.86 156.89 13.54 0.09  0.28  
9/19/2005 11:00 0.00 156.49 -1.02 2.96 18.86 140.17 15.53 0.14  0.15  
9/24/2005 9:30 104.22 140.17 -43.52 101.39 18.86 177.60 24.58 0.13  0.80  
9/26/2005 10:00 0.00 177.60 -1.02 14.36 18.86 171.62 4.38 0.06  0.77  
9/30/2005 10:00 14.35 172.02 0.00 20.31 18.86 172.82 13.95 0.09 0.09 0.58 0.56 
10/3/2005 10:30 13.22 172.82 -3.05 19.20 18.86 168.04 12.82 0.11  0.59  
10/7/2005 9:30 97.42 169.63 -65.27 105.89 18.86 185.56 14.20 0.09  0.88  
10/10/2005 10:30 15.86 185.96 -18.42 32.17 18.86 182.38 3.91 0.03  0.89  
10/14/2005 10:00 19.64 181.98 -13.05 23.38 18.86 173.62 14.06 0.09  0.61  
10/17/2005 11:00 0.00 173.22 -1.02 13.11 18.86 166.45 5.18 0.05  0.72  
10/21/2005 10:30 0.00 166.85 0.00 7.43 18.86 155.70 11.55 0.08  0.38  
10/26/2005 11:30 189.18 155.30 -166.81 197.27 0.00 187.15 10.78 0.06  0.95  
10/28/2005 10:30 0.00 187.15 0.00 0.00 18.86 168.84 0.00 0.00  -  
10/31/2005 10:30 0.00 168.44 -1.02 6.93 18.86 155.70 11.15 0.10 0.07 0.39 0.67 
11/4/2005 10:30 20.77 155.30 0.00 26.89 18.86 160.08 12.80 0.08  0.67  
11/7/2005 11:00 0.00 163.26 -1.02 9.98 18.86 153.71 11.15 0.10  0.48  
11/11/2005 11:30 0.00 152.91 0.00 8.59 18.86 143.35 9.16 0.06  0.49  
11/14/2005 11:00 1.51 142.95 -1.02 6.06 18.86 129.42 12.26 0.11  0.38  
11/18/2005 11:30 0.00 129.42 0.00 10.79 18.86 121.45 9.56 0.06  0.51  
11/21/2005 10:00 1.13 121.85 0.00 9.57 18.86 112.69 9.89 0.09  0.48  
11/28/2005 10:30 0.00 112.69 -3.05 10.27 18.86 101.54 8.76 0.03 0.08 0.52 0.51 
12/2/2005 9:30 12.84 101.54 0.00 13.98 18.86 96.36 17.62 0.12  0.43  
12/5/2005 10:30 0.00 96.36 0.00 8.33 18.86 86.01 10.35 0.09  0.43  
12/9/2005 12:30 57.77 86.41 0.00 62.55 18.86 128.62 15.96 0.11  0.79  
12/13/2005 11:00 5.66 128.22 -1.02 20.66 18.86 128.62 4.07 0.03  0.83  











































12/19/2005 13:00 2.64 122.65 0.00 14.80 18.86 118.27 6.63 0.06  0.68  
12/23/2005 10:00 0.00 118.66 0.00 15.67 18.86 115.48 3.58 0.02  0.81  
12/27/2005 9:30 0.00 114.68 0.00 9.57 18.86 105.92 9.56 0.06  0.48  
12/30/2005 10:30 0.00 105.92 0.00 7.83 18.86 95.17 9.56 0.08 0.07 0.45 0.61 
1/2/2006 10:30 0.00 94.77 0.00 9.37 18.86 85.61 9.56 0.08  0.49  
1/6/2006 11:00 2.64 85.61 0.00 11.95 18.86 78.84 9.81 0.06  0.53  
1/10/2006 10:30 0.00 79.24 -1.02 6.12 18.86 65.70 12.34 0.08  0.31  
1/13/2006 11:30 0.00 66.10 0.00 9.92 18.86 57.34 8.76 0.08  0.51  
1/17/2006 10:00 26.05 56.54 -1.02 36.12 18.86 73.27 9.33 0.06  0.79  
1/20/2006 11:30 4.91 72.47 0.00 9.57 18.86 64.11 12.87 0.11  0.42  
1/24/2006 10:00 2.27 63.31 -1.02 12.85 18.86 56.54 7.04 0.05  0.64  
1/27/2006 11:00 0.38 56.54 0.00 11.31 18.86 49.38 7.55 0.07  0.60  
1/31/2006 9:00 9.44 48.98 -1.02 10.82 18.86 39.02 17.01 0.11 0.08 0.39 0.52 
2/7/2006 9:30 56.64 39.42 -1.02 63.50 18.86 81.23 13.63 0.05  0.82  
2/10/2006 10:30 0.00 81.63 0.00 7.66 18.86 70.48 11.95 0.11  0.38  
2/14/2006 9:45 6.42 70.48 -2.03 10.85 18.86 59.73 14.38 0.10  0.42  
2/17/2006 11:45 0.00 59.73 0.00 7.75 18.86 48.18 11.95 0.11  0.38  
2/21/2006 9:30 0.00 47.78 -1.02 8.94 18.86 37.43 9.56 0.06  0.49  
2/24/2006 10:30 0.00 37.43 0.00 6.41 18.86 24.69 11.95 0.11  0.36  
2/28/2006 9:00 15.10 24.69 0.00 18.04 18.86 23.10 16.30 0.11 0.09 0.53 0.48 
3/3/2006 10:40 0.00 23.10 0.00 9.02 18.86 13.14 10.35 0.09  0.48  
3/7/2006 9:00 0.00 13.14 33.80 5.83 18.86 34.25 14.34 0.09  0.27  
3/10/2006 10:00 0.00 33.85 0.00 3.51 18.86 19.11 14.73 0.13  0.20  
3/13/2006 9:00 0.00 18.72 32.78 6.44 18.86 39.82 11.95 0.11  0.35  
3/17/2006 9:10 0.00 39.42 0.00 5.63 18.86 26.68 13.54 0.09  0.29  
3/21/2006 9:00 0.00 25.88 17.41 2.90 18.86 26.68 16.72 0.11  0.09  











































3/28/2006 9:00 0.00 27.08 16.39 4.03 18.86 27.87 15.53 0.10  0.17  
3/31/2006 10:00 0.00 28.27 0.00 4.03 18.86 13.14 14.34 0.13 0.11 0.22 0.25 
4/4/2006 9:00 0.00 11.95 33.80 4.84 18.86 32.65 15.13 0.10  0.21  
4/7/2006 11:30 0.00 26.28 17.41 2.99 18.86 28.67 15.13 0.13  0.17  
4/11/2006 9:00 29.83 34.25 -1.02 25.09 18.86 39.02 24.26 0.16  0.50  
4/14/2006 10:00 0.00 39.44 0.00 7.69 18.86 28.29 10.77 0.10  0.41  
4/18/2006 9:00 0.00 27.08 16.39 4.64 18.86 29.47 14.32 0.09  0.23  
4/21/2006 9:00 0.00 29.47 0.00 3.63 18.86 14.34 14.73 0.13  0.20  
4/25/2006 9:00 9.06 14.34 17.41 8.38 18.86 22.30 19.42 0.13  0.30  
4/28/2006 9:00 0.38 21.90 17.41 3.51 18.86 23.89 14.31 0.13 0.12 0.22 0.28 
5/2/2006 10:00 0.00 25.09 16.39 2.78 18.86 24.69 15.53 0.10  0.17  
5/5/2006 9:00 0.00 24.69 17.41 2.20 18.86 25.09 17.52 0.15  0.12  
5/12/2006 9:00 43.42 25.09 17.41 20.34 18.86 43.80 43.42 0.16  0.31  
5/16/2006 10:00 0.00 43.80 0.00 12.82 18.86 37.43 5.97 0.04  0.67  
5/18/2006 10:00 0.00 37.83 17.41 16.97 18.86 51.77 2.39 0.02  0.87  
5/23/2006 10:00 0.00 52.16 -1.02 3.97 18.86 36.24 15.13 0.10  0.21  
5/26/2006 10:00 4.15 36.63 17.41 2.38 18.86 37.43 20.88 0.18  0.09  
5/30/2006 10:00 61.17 36.24 -1.02 69.62 18.86 84.42 11.00 0.07 0.10 0.86 0.41 
6/2/2006 10:00 17.37 84.42 0.00 10.79 18.86 75.66 29.32 0.26  0.21  
6/6/2006 10:00 24.54 76.85 -1.02 20.16 18.86 75.26 22.15 0.15  0.46  
6/9/2006 10:00 0.00 75.26 0.00 14.16 18.86 70.48 6.77 0.06  0.65  
6/13/2006 10:00 78.16 70.48 -1.02 68.12 0.00 134.62 30.75 0.20  0.68  
6/16/2006 10:00 21.15 134.59 0.00 17.55 18.86 132.20 5.62 0.05  0.73  
6/20/2006 10:00 6.04 132.20 -2.03 7.86 18.86 119.46 16.00 0.11  0.33  
6/23/2006 10:00 0.00 119.86 0.00 7.75 18.86 108.71 11.15 0.10  0.39  
6/27/2006 10:00 84.96 108.71 -1.02 77.75 18.86 164.06 28.81 0.19  0.72  











































7/4/2006 10:00 11.71 190.74 0.00 19.73 18.86 189.54 11.79 0.08  0.60  
7/7/2006 10:00 20.39 189.54 0.00 18.83 18.86 188.75 20.39 0.18  0.48  
7/11/2006 10:00 29.08 189.15 -18.42 33.74 18.86 185.56 13.15 0.09  0.73  
7/14/2006 10:00 22.28 185.56 0.00 20.02 18.86 189.54 17.90 0.16  0.56  
7/18/2006 10:00 47.58 189.15 0.00 27.27 0.00 214.63 41.21 0.27  0.38  
   -432.54
   
Notes:   




















[in*] is measured using the graduated cylinder for the evaporator pan which has an area of 17.7 in2
[in-] is measured using the yard stick in the 55 gal. drums which has an area of 452.4 in2
   
Note:  If the rain gage shows more than .5 in. DO NOT irrigate the regular chambers.   
If the rain gage shows more than 1 in. DO NOT irrigate any of the chambers. 
   











































7/8/2005 10:00 0.00 95.57 0.00 13.34 18.86 87.60 - -  -  
7/11/2005 9:30 31.34 90.39 0.00 27.34 18.86 98.75 25.37 0.22  0.50  
7/15/2005 10:00 3.02 97.96 0.00 11.60 18.86 91.59 8.99 0.06  0.54  
7/18/2005 10:00 24.17 90.79 0.00 28.76 18.86 99.95 14.21 0.13  0.66  
7/22/2005 10:45 155.19 99.95 -18.42 123.37 18.86 180.78 56.04 -  0.68  
7/25/2005 10:00 0.00 180.38 0.00 11.75 18.86 173.22 7.57 -  0.60  
7/29/2005 11:00 0.00 173.22 -87.03 3.80 18.86 74.07 14.73 0.10 0.13 0.20 0.53 
8/1/2005 10:00 9.44 73.27 0.00 2.35 18.86 57.74 24.57 0.22  0.10  
8/5/2005 9:15 58.91 58.14 0.00 65.04 18.86 101.14 15.90 0.11  0.79  
8/8/2005 16:00 64.19 100.74 0.00 63.16 18.86 143.75 23.18 0.20  0.72  
8/12/2005 10:40 15.10 143.35 0.00 20.02 18.86 144.55 13.11 0.09  0.58  
8/15/2005 10:30 24.92 144.15 0.00 28.34 0.00 170.43 15.76 0.14  0.63  
8/19/2005 9:00 3.02 170.43 0.00 0.17 18.86 153.31 3.02 0.02  0.00  
8/22/2005 10:00 0.00 152.91 0.00 3.57 18.86 137.78 13.94 0.12  0.19  
8/25/2005 14:30 11.71 138.57 0.00 4.87 0.00 143.35 25.24 0.22 0.14 0.16 0.40 
8/29/2005 9:45 7.93 142.56 -1.02 0.03 18.86 124.24 7.93 0.05  0.00  
9/2/2005 10:00 60.42 124.24 0.00 59.33 18.86 161.67 22.59 0.15  0.71  
9/5/2005 13:30 17.37 161.67 -1.02 30.68 18.86 170.83 6.22 0.05  0.82  












































9/12/2005 10:00 3.78 182.38 -10.73 19.20 18.86 172.02 4.57 0.04  0.80  
9/16/2005 9:30 0.00 172.02 0.00 5.69 18.86 159.68 12.74 0.08  0.30  
9/19/2005 11:00 0.00 158.88 -1.02 2.76 18.86 142.56 15.53 0.14  0.13  
9/24/2005 9:30 104.22 142.95 -43.52 100.96 18.86 178.79 26.57 0.14  0.78  
9/26/2005 10:00 0.00 179.19 -1.02 14.65 18.86 173.62 3.98 0.05  0.78  
9/30/2005 10:00 14.35 173.62 0.00 20.16 18.86 174.01 13.55 0.09 0.09 0.59 0.56 
10/3/2005 10:30 13.22 174.01 -3.05 18.78 18.86 170.83 14.01 0.12  0.56  
10/7/2005 9:30 97.42 170.83 -69.62 101.54 18.86 180.78 15.79 0.10  0.86  
10/10/2005 10:30 15.86 181.18 -18.42 32.93 18.86 176.40 3.51 0.03  0.90  
10/14/2005 10:00 19.64 176.40 -13.05 23.79 18.86 168.84 14.86 0.10  0.61  
10/17/2005 11:00 0.00 168.04 -1.02 13.55 18.86 161.67 5.57 0.05  0.70  
10/21/2005 10:30 0.00 162.47 0.00 4.26 18.86 148.13 14.34 0.09  0.22  
10/26/2005 11:30 189.18 148.13 -155.21 197.27 0.00 187.95 13.17 0.07  0.94  
10/28/2005 10:30 0.00 188.35 0.00 0.00 18.86 170.03 0.00 0.00  -  
10/31/2005 10:30 0.00 169.63 -1.02 6.82 18.86 156.89 11.55 0.10 0.08 0.37 0.64 
11/4/2005 10:30 20.77 156.89 0.00 26.95 18.86 164.85 13.20 0.09  0.66  
11/7/2005 11:00 0.00 164.46 -1.02 10.39 18.86 155.70 7.57 0.07  0.58  
11/11/2005 11:30 0.00 155.30 0.00 9.52 18.86 146.54 8.36 0.06  0.53  
11/14/2005 11:00 1.51 146.14 -1.02 6.12 18.86 133.00 13.85 0.12  0.30  
11/18/2005 11:30 0.00 133.40 0.00 11.46 18.86 125.83 7.17 0.05  0.60  
11/21/2005 10:00 1.13 126.63 0.00 9.95 18.86 117.87 10.69 0.09  0.45  
11/28/2005 10:30 0.00 117.87 -2.03 9.79 18.86 107.51 8.36 0.03 0.07 0.52 0.52 
12/2/2005 9:30 12.84 107.91 0.00 14.22 18.86 102.74 17.22 0.11  0.43  
12/5/2005 10:30 0.00 102.74 0.00 8.50 18.86 92.78 10.35 0.09  0.43  
12/9/2005 12:30 57.77 92.78 0.00 61.44 18.86 133.00 17.55 0.12  0.77  
12/13/2005 11:00 5.66 133.00 -1.02 20.60 18.86 133.80 4.47 0.03  0.81  












































12/19/2005 13:00 2.64 128.62 0.00 14.80 18.86 124.24 8.22 0.07  0.61  
12/23/2005 10:00 0.00 124.24 0.00 15.23 18.86 120.65 2.39 0.02  0.86  
12/27/2005 9:30 0.00 120.26 0.00 9.69 18.86 111.10 9.56 0.06  0.48  
12/30/2005 10:30 0.00 111.50 0.00 8.18 18.86 101.14 9.96 0.09 0.07 0.44 0.61 
1/2/2006 10:30 0.00 100.74 0.00 9.69 18.86 91.98 9.16 0.08  0.50  
1/6/2006 11:00 2.64 91.98 0.00 12.01 18.86 85.21 9.41 0.06  0.54  
1/10/2006 10:30 0.00 85.61 -1.02 6.09 18.86 72.47 12.34 0.08  0.31  
1/13/2006 11:30 0.00 72.47 0.00 10.39 18.86 64.11 8.36 0.07  0.53  
1/17/2006 10:00 26.05 63.71 -1.02 35.94 18.86 79.64 9.73 0.06  0.78  
1/20/2006 11:30 4.91 79.24 0.00 9.31 18.86 70.08 13.27 0.12  0.40  
1/24/2006 10:00 2.27 69.69 -1.02 12.85 18.86 63.31 8.24 0.05  0.59  
1/27/2006 11:00 0.38 63.31 0.00 11.37 18.86 56.15 7.15 0.06  0.61  
1/31/2006 9:00 9.44 55.35 -1.02 10.59 18.86 46.59 17.80 0.12 0.08 0.36 0.51 
2/7/2006 9:30 56.64 46.99 -1.02 62.20 18.86 87.21 16.02 0.06  0.79  
2/10/2006 10:30 0.00 87.21 0.00 8.21 18.86 76.85 9.96 0.09  0.43  
2/14/2006 9:45 6.42 76.85 -3.05 11.11 18.86 65.30 15.98 0.11  0.34  
2/17/2006 11:45 0.00 64.51 0.00 8.15 18.86 54.55 9.56 0.08  0.45  
2/21/2006 9:30 0.00 54.16 -1.02 8.82 18.86 43.40 9.56 0.06  0.47  
2/24/2006 10:30 0.00 43.01 0.00 6.88 18.86 31.06 10.35 0.09  0.41  
2/28/2006 9:00 15.10 30.26 0.00 17.78 18.86 28.67 16.30 0.11 0.09 0.52 0.49 
3/3/2006 10:40 0.00 29.07 0.00 9.11 18.86 19.11 10.75 0.09  0.45  
3/7/2006 9:00 0.00 19.11 33.80 6.06 18.86 40.62 13.14 0.09  0.30  
3/10/2006 10:00 0.00 40.62 0.00 4.18 18.86 25.88 14.34 0.13  0.22  
3/13/2006 9:00 0.00 25.48 32.78 7.22 18.86 47.78 11.55 0.10  0.38  
3/17/2006 9:10 0.00 46.99 0.00 6.12 18.86 34.64 12.74 0.08  0.30  
3/21/2006 9:00 0.00 33.85 17.41 2.96 18.86 33.85 15.93 0.11  0.11  












































3/28/2006 9:00 0.00 16.72 16.39 4.09 18.86 19.51 14.73 0.10  0.21  
3/31/2006 10:00 0.00 19.91 0.00 4.35 18.86 4.38 14.73 0.13 0.11 0.21 0.26 
4/4/2006 9:00 0.00 3.58 33.80 4.96 18.86 25.48 14.73 0.10  0.24  
4/7/2006 11:30 0.00 25.88 17.41 3.86 18.86 27.87 15.13 0.13  0.17  
4/11/2006 9:00 29.83 27.48 -1.02 25.30 18.86 33.05 23.46 0.16  0.52  
4/14/2006 10:00 0.00 33.05 0.00 7.43 18.86 21.50 11.15 0.10  0.39  
4/18/2006 9:00 0.00 20.71 16.39 4.32 18.86 23.10 14.73 0.10  0.21  
4/21/2006 9:00 0.00 23.49 17.41 3.74 18.86 25.09 15.13 0.13  0.19  
4/25/2006 9:00 9.06 25.09 17.41 8.94 18.86 33.45 19.02 0.13  0.32  
4/28/2006 9:00 0.38 33.05 17.41 3.54 18.86 35.04 15.11 0.13 0.12 0.17 0.28 
5/2/2006 10:00 0.00 35.44 16.39 2.26 18.86 36.24 16.72 0.11  0.09  
5/5/2006 9:00 0.00 35.84 17.41 2.44 18.86 37.03 14.73 0.13  0.14  
5/12/2006 9:00 43.42 36.63 17.41 21.12 18.86 56.15 41.43 0.16  0.33  
5/16/2006 10:00 0.00 56.54 0.00 11.92 18.86 49.78 6.37 0.04  0.65  
5/18/2006 10:00 0.00 49.78 0.00 16.83 18.86 49.78 2.39 0.02  0.87  
5/23/2006 10:00 0.00 46.59 -1.02 4.67 18.86 33.45 10.75 0.07  0.34  
5/26/2006 10:00 4.15 33.45 17.41 3.42 18.86 35.04 18.49 0.16  0.15  
5/30/2006 10:00 61.17 34.25 -1.02 69.04 18.86 81.23 11.79 0.08 0.10 0.85 0.43 
6/2/2006 10:00 17.37 81.23 0.00 11.63 18.86 74.07 26.93 0.24  0.28  
6/6/2006 10:00 24.54 74.07 -1.02 19.15 18.86 73.67 23.35 0.15  0.44  
6/9/2006 10:00 0.00 73.27 0.00 13.63 18.86 67.74 5.57 0.05  0.70  
6/13/2006 10:00 78.16 67.69 -1.02 68.75 0.00 131.80 31.53 0.21  0.67  
6/16/2006 10:00 21.15 131.45 0.00 17.20 18.86 129.81 4.87 0.04  0.77  
6/20/2006 10:00 6.04 129.81 -2.03 8.12 18.86 117.87 16.39 0.11  0.32  
6/23/2006 10:00 0.00 117.87 0.00 7.48 18.86 106.72 10.35 0.09  0.41  
6/27/2006 10:00 84.96 106.72 -1.02 70.20 18.86 162.07 30.80 0.20  0.70  












































7/4/2006 10:00 11.71 186.76 0.00 17.41 18.86 185.56 11.31 0.07  0.61  
7/7/2006 10:00 20.39 185.16 0.00 19.47 18.86 185.56 20.39 0.18  0.48  
7/11/2006 10:00 29.08 185.96 -18.42 34.75 18.86 183.57 11.95 0.08  0.75  
7/14/2006 10:00 22.28 183.17 0.00 23.30 18.86 189.54 16.31 0.14  0.61  
7/18/2006 10:00 47.58 189.54 0.00 21.76 0.00 211.05 45.19 0.30  0.32  
   -447.48
   
Notes:   
































































10/3/2005 10:30 13.22 83.22 -1.02 15.67 37.71 62.12 - -  -  
10/7/2005 9:30 97.42 62.12 0.00 101.54 37.71 127.03 32.91 0.22  0.75  
10/10/2005 10:30 15.86 127.42 -2.03 42.18 37.71 133.80 7.90 0.07  0.85  
10/14/2005 10:00 19.64 133.80 0.00 36.52 37.71 132.20 21.23 0.14  0.61  
10/17/2005 11:00 0.00 131.80 -1.02 28.98 37.71 122.25 7.57 0.07  0.79  
10/21/2005 10:30 0.00 122.65 0.00 19.44 37.71 105.52 17.92 0.12  0.51  
10/26/2005 11:30 189.18 105.92 -127.65 210.32 0.00 187.15 18.35 0.10  0.92  
10/28/2005 10:30 0.00 187.15 0.00 0.00 37.71 150.52 0.00 0.00  -  
10/31/2005 10:30 0.00 150.52 -1.02 20.71 37.71 129.42 17.52 0.15 0.11 0.52 0.71 
11/4/2005 10:30 20.77 129.02 0.00 43.83 37.71 134.19 19.18 0.13  0.68  
11/7/2005 11:00 0.00 134.59 -1.02 24.25 37.71 120.65 12.74 0.11  0.65  
11/11/2005 11:30 0.00 120.26 0.00 22.89 37.71 106.32 16.33 0.11  0.55  
11/14/2005 11:00 1.51 105.92 -1.02 18.42 37.71 86.81 18.63 0.16  0.48  
11/18/2005 11:30 0.00 86.81 0.00 26.28 37.71 74.86 10.35 0.07  0.70  
11/21/2005 10:00 1.13 76.06 0.00 24.40 37.71 63.31 14.67 0.13  0.61  
11/28/2005 10:30 0.00 62.92 -1.02 25.38 37.71 46.19 11.95 0.05 0.11 0.67 0.62 
12/2/2005 9:30 12.84 46.19 0.00 29.58 37.71 37.83 23.99 0.16  0.54  
12/5/2005 10:30 0.00 37.43 0.00 23.96 37.71 23.49 13.14 0.12  0.65  
12/9/2005 12:30 57.77 23.89 0.00 74.85 37.71 60.13 23.13 0.15  0.76  
12/13/2005 11:00 5.66 60.13 -3.05 34.49 37.71 58.14 4.87 0.03  0.88  
12/16/2005 10:30 1.89 58.14 0.00 29.16 37.71 49.78 10.25 0.09  0.73  
12/19/2005 13:00 2.64 49.38 0.00 32.32 37.71 44.20 7.42 0.07  0.81  
12/23/2005 10:00 0.00 43.80 0.00 32.13 37.71 38.23 5.18 0.03  0.86  
12/27/2005 9:30 0.00 37.83 0.00 26.17 37.71 26.28 11.55 0.08  0.69  














































1/2/2006 10:30 0.00 29.87 17.41 26.54 37.71 35.84 11.95 0.11  0.68  
1/6/2006 11:00 2.64 36.63 0.00 28.49 37.71 27.08 10.21 0.07  0.75  
1/10/2006 10:30 0.00 27.08 16.39 21.12 37.71 26.28 18.72 0.12  0.53  
1/13/2006 11:30 0.00 26.28 17.41 26.14 37.71 31.86 11.95 0.11  0.68  
1/17/2006 10:00 26.05 31.86 -1.02 51.81 37.71 45.39 12.91 0.09  0.80  
1/20/2006 11:30 4.91 45.39 0.00 24.17 37.71 31.86 17.65 0.16  0.57  
1/24/2006 10:00 2.27 31.86 -1.02 29.59 37.71 22.70 10.23 0.07  0.74  
1/27/2006 11:00 0.38 22.30 17.41 25.62 37.71 27.48 12.72 0.11  0.66  
1/31/2006 9:00 9.44 27.48 -2.03 19.96 37.71 7.96 26.96 0.18 0.11 0.42 0.65 
2/7/2006 9:30 56.64 7.96 -1.02 74.32 37.71 43.01 18.41 0.07  0.80  
2/10/2006 10:30 0.00 42.21 0.00 24.28 37.71 28.67 14.34 0.13  0.63  
2/14/2006 9:45 6.42 29.07 -1.02 26.31 37.71 15.13 19.56 0.13  0.55  
2/17/2006 11:45 0.00 14.34 17.41 29.94 37.71 23.89 9.16 0.08  0.76  
2/21/2006 9:30 0.00 23.89 14.36 26.11 37.71 27.08 10.35 0.07  0.72  
2/24/2006 10:30 0.00 27.08 11.60 24.89 37.71 23.49 12.74 0.11  0.66  
2/28/2006 9:00 15.10 23.49 17.41 13.05 37.71 16.33 41.78 0.28 0.12 0.23 0.62 
3/3/2006 10:40 0.00 16.33 0.00 27.36 37.71 5.18 10.35 0.09  0.73  
3/7/2006 9:00 0.00 5.97 33.80 22.57 37.71 24.69 16.33 0.11  0.58  
3/10/2006 10:00 0.00 24.29 0.00 19.26 37.71 5.18 18.32 0.16  0.51  
3/13/2006 9:00 0.00 4.78 33.80 23.24 37.71 26.28 15.53 0.14  0.59  
3/17/2006 9:10 0.00 25.48 0.00 21.96 37.71 9.56 15.53 0.10  0.58  
3/21/2006 9:00 0.00 9.56 34.81 16.33 37.71 19.91 22.30 0.15  0.40  
3/24/2006 10:30 0.00 20.31 17.41 17.41 37.71 17.12 20.71 0.18  0.45  
3/28/2006 9:00 0.00 16.72 33.80 18.36 37.71 34.21 20.31 0.13  0.47  
3/31/2006 10:00 0.00 32.65 17.41 18.97 37.71 31.46 17.15 0.15 0.14 0.52 0.54 
4/4/2006 9:00 0.00 30.66 16.39 20.08 37.71 30.26 17.52 0.12  0.53  














































4/11/2006 9:00 29.83 8.76 -1.02 36.52 37.71 5.57 33.81 0.22  0.51  
4/14/2006 10:00 0.00 5.57 34.81 24.75 37.71 25.48 15.53 0.14  0.59  
4/18/2006 9:00 0.00 25.48 16.39 18.77 37.71 22.70 19.11 0.13  0.49  
4/21/2006 9:00 0.00 23.49 34.81 15.69 37.71 36.24 23.49 0.21  0.38  
4/25/2006 9:00 9.06 36.24 17.41 20.95 37.71 37.83 25.79 0.17  0.44  
4/28/2006 9:00 0.38 37.83 0.00 17.52 37.71 17.52 19.49 0.17 0.17 0.47 0.49 
5/2/2006 10:00 0.00 17.52 32.78 15.55 37.71 29.47 21.90 0.15  0.42  
5/5/2006 9:00 0.00 28.67 34.81 14.16 37.71 41.01 24.29 0.21  0.35  
5/12/2006 9:00 43.42 40.62 0.00 24.40 37.71 27.87 56.17 0.21  0.30  
5/16/2006 10:00 0.00 25.88 0.00 28.81 37.71 17.12 5.97 0.04  0.84  
5/18/2006 10:00 0.00 18.72 17.41 27.53 37.71 26.68 12.34 0.11  0.69  
5/23/2006 10:00 0.00 25.09 16.39 18.57 37.71 23.10 20.31 0.13  0.45  
5/26/2006 10:00 4.15 23.89 34.81 14.24 37.71 35.44 27.65 0.24  0.32  
5/30/2006 10:00 61.17 34.64 -2.03 77.75 37.71 72.87 23.74 0.16 0.16 0.76 0.52 
6/2/2006 10:00 17.37 73.27 0.00 18.74 37.71 52.56 34.49 0.30  0.34  
6/6/2006 10:00 24.54 52.56 -2.03 30.75 37.71 45.00 31.71 0.21  0.50  
6/9/2006 10:00 0.00 45.00 0.00 30.55 37.71 37.43 6.77 0.06  0.82  
6/13/2006 10:00 78.16 37.43 -1.02 73.19 0.00 107.51 44.71 0.30  0.61  
6/16/2006 10:00 21.15 107.12 0.00 16.54 37.71 87.21 5.62 0.05  0.73  
6/20/2006 10:00 6.04 87.21 -1.02 23.18 37.71 72.47 19.18 0.13  0.54  
6/23/2006 10:00 0.00 72.47 0.00 21.67 37.71 56.94 15.93 0.14  0.56  
6/27/2006 10:00 84.96 56.94 -1.02 84.13 37.71 103.53 37.18 0.25  0.69  
6/30/2006 10:00 40.40 103.53 0.00 60.70 37.71 124.24 15.32 0.14 0.17 0.80 0.62 
7/4/2006 10:00 11.71 124.24 0.00 32.49 37.71 119.86 20.47 0.14  0.60  
7/7/2006 10:00 20.39 119.86 0.00 34.23 37.71 114.68 23.58 0.21  0.58  
7/11/2006 10:00 29.08 115.88 -1.02 48.56 37.71 125.03 20.31 0.13  0.69  














































7/18/2006 10:00 47.58 124.24 0.00 52.97 0.00 172.82 34.04 0.23  0.59  
7/21/2006 10:00 45.31 172.82 0.00 29.01 37.71 164.06 16.64 0.15  0.63  
7/25/2006 10:00 44.93 164.85 -6.50 50.19 37.71 176.00 25.82 0.17  0.69  
7/28/2006 10:00 32.10 176.00 -26.11 54.77 37.71 165.65 18.16 0.16 0.17 0.74 0.64 
8/1/2006 10:00 32.85 165.65 -8.70 49.32 37.71 167.24 22.10 0.15  0.69  
8/4/2006 10:00 0.00 167.24 0.00 28.17 37.71 157.69 9.56 0.08  0.74  
8/8/2006 10:00 4.91 158.09 0.00 17.96 37.71 137.78 26.01 0.17  0.37  
8/11/2006 10:00 0.00 137.78 0.00 17.99 37.71 120.26 18.32 0.16  0.49  
8/15/2006 10:00 18.50 117.07 34.81 19.29 37.71 132.20 34.43 0.23  0.36  
8/18/2006 10:00 6.04 132.20 0.00 24.80 37.71 119.46 18.78 0.17  0.56  
8/22/2006 10:00 26.43 119.46 0.00 37.08 37.71 117.87 28.82 0.19  0.54  
8/25/2006 10:00 45.31 117.87 0.00 68.15 37.71 148.13 15.85 0.14  0.80  
8/29/2006 10:00 48.33 148.13 -26.11 87.03 37.71 173.62 0.55 0.00 0.14 0.99 0.62 
9/1/2006 10:00 53.24 173.62 -17.41 58.02 37.71 175.21 30.94 0.27  0.64  
9/5/2006 10:00 48.33 174.41 -34.81 61.01 0.00 202.68 22.45 0.15  0.74  
9/8/2006 10:00 86.47 202.68 -37.71 75.83 37.71 202.29 11.61 0.10  0.87  
9/12/2006 10:00 6.42 202.29 -34.81 32.61 37.71 160.08 10.00 0.07  0.77  
9/15/2006 10:00 11.33 158.48 0.00 23.70 37.71 146.14 24.47 0.22  0.49  
9/19/2006 10:00 0.00 146.54 0.00 29.68 37.71 135.79 9.56 0.06  0.73  
9/22/2006 10:00 18.88 136.18 0.00 32.67 37.71 131.80 24.45 0.22  0.56  
9/26/2006 10:00 4.53 133.00 0.00 16.10 37.71 111.10 24.84 0.16  0.38  
9/29/2006 10:00 23.41 110.70 0.00 28.89 37.71 104.33 32.57 0.29 0.17 0.46 0.63 
  1672.39 -285.00    
      
Notes:      
The data is suspect on the following dates:  10/7/05; 10/26/05; 10/28/05   
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10/3/2005 10:30 13.22 84.82 -1.02 27.04 37.71 73.27 - -  -  
10/7/2005 9:30 97.42 74.86 0.00 75.43 37.71 113.09 59.99 0.40  -  
10/10/2005 10:30 15.86 113.49 -3.05 49.10 37.71 121.05 5.11 0.05  0.90  
10/14/2005 10:00 19.64 121.05 0.00 35.94 37.71 119.06 21.63 0.14  0.61  
10/17/2005 11:00 0.00 119.06 -1.02 28.29 37.71 108.71 9.56 0.08  0.74  
10/21/2005 10:30 0.00 108.71 0.00 19.90 37.71 92.38 16.72 0.11  0.53  
10/26/2005 11:30 189.18 92.38 -118.94 210.32 0.00 183.57 15.56 0.08  0.93  
10/28/2005 10:30 0.00 183.97 0.00 0.00 37.71 147.33 0.00 0.00  -  
10/31/2005 10:30 0.00 146.54 -1.02 20.60 37.71 129.81 17.12 0.15 0.13 0.53 0.71 
11/4/2005 10:30 20.77 129.42 0.00 40.03 37.71 131.41 18.38 0.12  0.67  
11/7/2005 11:00 0.00 131.41 -1.02 24.77 37.71 118.27 12.34 0.11  0.66  
11/11/2005 11:30 0.00 117.87 0.00 22.16 37.71 102.74 15.13 0.10  0.58  
11/14/2005 11:00 1.51 101.94 -1.02 18.71 37.71 82.83 19.83 0.18  0.47  
11/18/2005 11:30 0.00 82.83 0.00 26.49 37.71 72.07 10.75 0.07  0.70  
11/21/2005 10:00 1.13 72.07 0.00 24.89 37.71 60.13 13.08 0.12  0.65  
11/28/2005 10:30 0.00 60.13 -1.02 26.34 37.71 48.18 11.55 0.04 0.11 0.68 0.63 
12/2/2005 9:30 12.84 47.78 0.00 26.18 37.71 36.63 23.19 0.15  0.52  
12/5/2005 10:30 0.00 36.24 0.00 24.72 37.71 23.49 11.95 0.11  0.67  
12/9/2005 12:30 57.77 23.10 0.00 73.74 37.71 58.93 23.13 0.15  0.76  
12/13/2005 11:00 5.66 59.33 -3.05 39.16 37.71 57.74 4.07 0.03  0.90  
12/16/2005 10:30 1.89 57.74 0.00 29.24 37.71 48.98 10.25 0.09  0.73  
12/19/2005 13:00 2.64 48.98 0.00 31.71 37.71 43.01 8.22 0.07  0.79  
12/23/2005 10:00 0.00 43.01 0.00 32.56 37.71 38.23 5.18 0.03  0.86  
12/27/2005 9:30 0.00 37.43 0.00 26.57 37.71 25.09 10.35 0.07  0.71  














































1/2/2006 10:30 0.00 30.26 17.41 26.69 37.71 37.03 10.75 0.09  0.71  
1/6/2006 11:00 2.64 37.03 0.00 28.21 37.71 27.08 11.40 0.08  0.71  
1/10/2006 10:30 0.00 27.87 16.39 22.45 37.71 28.67 15.53 0.10  0.59  
1/13/2006 11:30 0.00 28.67 17.41 26.69 37.71 34.64 11.95 0.11  0.68  
1/17/2006 10:00 26.05 34.25 -1.02 52.54 37.71 48.58 12.52 0.08  0.80  
1/20/2006 11:30 4.91 48.58 0.00 24.66 37.71 35.84 16.85 0.15  0.58  
1/24/2006 10:00 2.27 35.44 -1.02 29.76 37.71 26.68 9.04 0.06  0.76  
1/27/2006 11:00 0.38 26.68 17.41 26.25 37.71 32.65 11.93 0.11  0.68  
1/31/2006 9:00 9.44 31.86 -3.05 25.24 37.71 15.93 21.39 0.14 0.10 0.53 0.67 
2/7/2006 9:30 56.64 15.93 -1.02 76.76 37.71 53.36 20.01 0.08  0.79  
2/10/2006 10:30 0.00 52.96 0.00 24.98 37.71 41.01 11.95 0.11  0.67  
2/14/2006 9:45 6.42 41.01 -1.02 21.76 37.71 23.10 21.55 0.14  0.49  
2/17/2006 11:45 0.00 23.10 0.00 31.51 37.71 17.92 7.17 0.06  0.81  
2/21/2006 9:30 0.00 15.93 14.36 26.34 37.71 18.32 9.96 0.07  0.72  
2/24/2006 10:30 0.00 17.92 17.41 24.66 37.71 23.49 13.54 0.12  0.64  
2/28/2006 9:00 15.10 23.10 0.00 32.55 37.71 16.33 21.08 0.14 0.10 0.60 0.67 
3/3/2006 10:40 0.00 17.12 0.00 27.01 37.71 5.97 11.15 0.10  0.71  
3/7/2006 9:00 0.00 5.57 33.80 22.22 37.71 24.69 16.72 0.11  0.56  
3/10/2006 10:00 0.00 24.29 0.00 20.02 37.71 5.97 16.33 0.14  0.55  
3/13/2006 9:00 0.00 5.57 33.80 23.24 37.71 26.28 15.53 0.14  0.59  
3/17/2006 9:10 0.00 25.88 0.00 22.57 37.71 10.75 14.73 0.10  0.60  
3/21/2006 9:00 0.00 9.96 34.81 17.26 37.71 23.10 21.90 0.15  0.41  
3/24/2006 10:30 0.00 22.70 17.41 17.58 37.71 19.51 20.31 0.18  0.45  
3/28/2006 9:00 0.00 19.51 33.80 19.67 37.71 36.63 19.11 0.13  0.49  
3/31/2006 10:00 0.00 37.03 17.41 19.49 37.71 35.84 17.52 0.15 0.13 0.51 0.54 
4/4/2006 9:00 0.00 34.64 16.39 20.48 37.71 34.64 17.12 0.11  0.53  














































4/11/2006 9:00 29.83 11.95 -1.02 36.29 37.71 9.16 31.42 0.21  0.53  
4/14/2006 10:00 0.00 9.16 34.81 23.82 37.71 30.26 14.73 0.13  0.61  
4/18/2006 9:00 0.00 29.07 16.39 18.91 37.71 27.08 18.32 0.12  0.49  
4/21/2006 9:00 0.00 21.50 34.81 16.19 37.71 39.82 17.52 0.15  0.52  
4/25/2006 9:00 9.06 39.82 17.41 20.39 37.71 41.41 25.79 0.17  0.43  
4/28/2006 9:00 0.38 40.62 0.00 17.15 37.71 19.91 19.09 0.17 0.16 0.47 0.50 
5/2/2006 10:00 0.00 20.71 32.78 16.56 37.71 32.65 21.50 0.14  0.43  
5/5/2006 9:00 0.00 32.65 34.81 15.00 37.71 45.00 20.71 0.18  0.45  
5/12/2006 9:00 43.42 45.39 0.00 23.99 37.71 31.86 56.56 0.21  0.29  
5/16/2006 10:00 0.00 29.87 0.00 28.95 37.71 22.70 7.57 0.05  0.79  
5/18/2006 10:00 0.00 22.30 17.41 26.98 37.71 29.47 9.56 0.08  0.74  
5/23/2006 10:00 0.00 28.67 16.39 20.34 37.71 28.67 17.52 0.12  0.53  
5/26/2006 10:00 4.15 28.67 34.81 14.48 37.71 41.01 27.25 0.24  0.33  
5/30/2006 10:00 61.17 41.01 -2.03 74.56 37.71 77.65 21.35 0.14 0.15 0.78 0.54 
6/2/2006 10:00 17.37 77.65 0.00 20.57 37.71 61.72 32.10 0.28  0.41  
6/6/2006 10:00 24.54 61.32 -2.03 30.37 37.71 48.58 32.91 0.22  0.47  
6/9/2006 10:00 0.00 48.58 0.00 30.84 37.71 41.41 10.35 0.09  0.74  
6/13/2006 10:00 78.16 41.41 -1.02 73.63 0.00 109.90 45.51 0.30  0.60  
6/16/2006 10:00 21.15 109.90 0.00 13.63 37.71 89.99 6.81 0.06  0.68  
6/20/2006 10:00 6.04 89.99 -1.02 23.27 37.71 75.66 18.39 0.12  0.54  
6/23/2006 10:00 0.00 75.66 0.00 22.05 37.71 60.92 14.73 0.13  0.58  
6/27/2006 10:00 84.96 60.92 -1.02 84.13 37.71 106.72 37.57 0.25  0.69  
6/30/2006 10:00 40.40 106.72 0.00 61.50 37.71 129.02 15.71 0.14 0.18 0.79 0.61 
7/4/2006 10:00 11.71 129.02 0.00 31.68 37.71 124.64 18.87 0.12  0.62  
7/7/2006 10:00 20.39 124.24 0.00 34.87 37.71 121.05 23.18 0.20  0.58  
7/11/2006 10:00 29.08 121.05 -1.02 48.48 37.71 130.21 19.20 0.13  0.70  














































7/18/2006 10:00 47.58 127.82 0.00 54.13 0.00 178.39 32.84 0.22  0.61  
7/21/2006 10:00 45.31 179.19 -17.41 28.58 37.71 154.50 17.44 0.15  0.62  
7/25/2006 10:00 44.93 154.90 0.00 53.03 37.71 172.42 25.02 0.17  0.69  
7/28/2006 10:00 32.10 172.82 -26.11 56.05 37.71 165.65 14.97 0.13 0.17 0.78 0.65 
8/1/2006 10:00 32.85 164.85 -8.70 50.27 37.71 164.85 20.91 0.14  0.70  
8/4/2006 10:00 0.00 166.85 0.00 27.79 37.71 156.89 10.75 0.09  0.72  
8/8/2006 10:00 4.91 156.49 0.00 18.22 37.71 136.18 26.81 0.18  0.37  
8/11/2006 10:00 0.00 136.18 0.00 18.02 37.71 118.27 18.32 0.16  0.49  
8/15/2006 10:00 18.50 117.47 34.81 18.97 37.71 131.01 36.42 0.24  0.32  
8/18/2006 10:00 6.04 131.01 0.00 25.09 37.71 119.06 17.59 0.16  0.58  
8/22/2006 10:00 26.43 119.06 0.00 38.38 37.71 119.06 26.83 0.18  0.57  
8/25/2006 10:00 45.31 118.66 0.00 67.39 37.71 148.13 15.45 0.14  0.81  
8/29/2006 10:00 48.33 147.33 -26.78 84.13 37.71 171.23 0.55 0.00 0.14 0.99 0.62 
9/1/2006 10:00 53.24 172.82 -17.41 68.41 37.71 179.19 20.99 0.19  0.76  
9/5/2006 10:00 48.33 178.79 -34.81 64.52 0.00 206.67 25.24 0.17  0.72  
9/8/2006 10:00 86.47 206.27 -37.71 77.14 37.71 207.86 10.81 0.10  0.87  
9/12/2006 10:00 6.42 206.67 -34.81 31.82 37.71 164.06 12.39 0.08  0.72  
9/15/2006 10:00 11.33 164.06 0.00 24.98 37.71 152.11 24.07 0.21  0.51  
9/19/2006 10:00 0.00 152.11 0.00 30.63 37.71 143.35 8.76 0.06  0.76  
9/22/2006 10:00 18.88 143.35 0.00 33.01 37.71 139.37 23.66 0.21  0.57  
9/26/2006 10:00 4.53 140.17 0.00 22.92 37.71 124.64 19.26 0.13  0.52  
9/29/2006 10:00 23.41 125.03 0.00 42.65 37.71 130.61 19.43 0.17 0.15 0.68 0.68 
   -322.68    
      
Notes:      
The data is suspect on the following dates:  10/7/05; 10/26/05; 10/28/05   
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10/3/2005 10:30 13.22 96.36 -1.02 25.67 18.86 101.14 - -  -  
10/7/2005 9:30 97.42 101.94 0.00 84.13 18.86 165.65 34.90 0.23  -  
10/10/2005 10:30 15.86 166.05 -3.05 29.36 18.86 172.82 6.30 0.06  0.81  
10/14/2005 10:00 19.64 172.82 0.00 17.96 18.86 172.02 20.43 0.14  0.46  
10/17/2005 11:00 0.00 171.23 -1.02 11.02 18.86 162.86 7.57 0.07  0.58  
10/21/2005 10:30 0.00 162.86 0.00 4.21 18.86 148.93 13.94 0.09  0.22  
10/26/2005 11:30 189.18 148.93 -152.30 194.37 0.00 190.74 13.17 0.07  0.94  
10/28/2005 10:30 0.00 186.76 0.00 0.00 18.86 168.44 0.00 0.00  -  
10/31/2005 10:30 0.00 168.04 -1.02 5.51 18.86 154.50 13.14 0.12 0.10 0.28 0.55 
11/4/2005 10:30 20.77 154.50 0.00 22.25 18.86 157.69 17.98 0.12  0.54  
11/5/2005 11:00 0.00 157.29 -1.02 7.48 18.86 145.74 9.96 0.09  0.43  
11/11/2005 11:30 0.00 144.94 0.00 6.88 18.86 134.19 11.15 0.07  0.38  
11/14/2005 11:00 1.51 133.80 -1.02 3.26 18.86 117.87 16.24 0.14  0.15  
11/18/2005 11:30 0.00 117.47 0.00 8.12 18.86 107.51 9.96 0.07  0.44  
11/21/2005 10:00 1.13 107.51 0.00 7.22 18.86 95.97 12.28 0.11  0.36  
11/28/2005 10:30 0.00 95.97 -1.02 9.23 18.86 85.61 9.56 0.04 0.09 0.48 0.40 
12/2/2005 9:30 12.84 86.01 0.00 9.75 18.86 77.25 21.60 0.14  0.30  
12/5/2005 10:30 0.00 76.85 0.00 7.51 18.86 66.10 10.35 0.09  0.42  
12/9/2005 12:30 57.77 66.10 0.00 57.41 18.86 103.53 21.14 0.14  0.72  
12/13/2005 11:00 5.66 103.13 -3.05 20.54 18.86 101.94 3.67 0.02  0.84  
12/16/2005 10:30 1.89 101.54 0.00 11.89 18.86 95.17 8.26 0.07  0.58  
12/19/2005 13:00 2.64 95.57 0.00 13.92 18.86 89.99 8.22 0.07  0.60  
12/23/2005 10:00 0.00 88.00 0.00 14.88 18.86 86.41 1.59 0.01  0.91  
12/27/2005 9:30 0.00 85.61 0.00 9.17 18.86 76.45 9.56 0.06  0.47  














































1/2/2006 10:30 0.00 65.30 0.00 9.28 18.86 55.75 8.36 0.07  0.51  
1/6/2006 11:00 2.64 55.75 0.00 10.47 18.86 47.78 10.61 0.07  0.49  
1/10/2006 10:30 0.00 48.18 -1.02 5.13 18.86 33.05 13.14 0.09  0.28  
1/13/2006 11:30 0.00 33.45 0.00 8.70 18.86 23.10 10.75 0.09  0.44  
1/17/2006 10:00 26.05 22.70 -1.02 34.49 18.86 37.03 10.52 0.07  0.76  
1/20/2006 11:30 4.91 37.43 0.00 7.28 18.86 25.88 16.46 0.15  0.30  
1/24/2006 10:00 2.27 25.88 -1.02 11.68 18.86 17.52 9.83 0.07  0.53  
1/27/2006 11:00 0.38 17.52 17.41 8.27 18.86 24.69 10.73 0.09  0.44  
1/31/2006 9:00 9.44 23.49 -3.05 7.22 18.86 8.36 20.59 0.14 0.09 0.27 0.45 
2/7/2006 9:30 56.64 9.16 -1.02 58.37 18.86 48.58 18.01 0.07  0.76  
2/10/2006 10:30 0.00 47.78 0.00 7.19 18.86 36.24 11.15 0.10  0.39  
2/14/2006 9:45 6.42 36.63 -1.02 9.14 18.86 23.89 16.77 0.11  0.33  
2/17/2006 11:45 0.00 24.29 0.00 9.11 18.86 14.34 10.75 0.09  0.46  
2/21/2006 9:30 0.00 15.13 15.38 9.20 18.86 19.91 11.15 0.07  0.42  
2/24/2006 10:30 0.00 19.11 17.41 6.90 18.86 24.69 11.55 0.10  0.37  
2/28/2006 9:00 15.10 23.89 0.00 14.94 18.86 19.11 19.48 0.13 0.10 0.43 0.45 
3/3/2006 10:40 0.00 19.51 8.70 9.63 18.86 18.32 9.96 0.09  0.49  
3/7/2006 9:00 0.00 18.32 33.80 5.16 18.86 39.02 15.13 0.10  0.24  
3/10/2006 10:00 0.00 38.63 0.00 2.78 18.86 22.70 15.53 0.14  0.15  
3/13/2006 9:00 0.00 22.70 33.80 5.45 18.86 43.40 13.14 0.12  0.30  
3/17/2006 9:10 0.00 42.21 0.00 4.64 18.86 28.67 13.54 0.09  0.28  
3/21/2006 9:00 0.00 28.27 17.41 1.22 18.86 27.08 17.44 0.12  0.07  
3/24/2006 10:30 0.00 25.48 17.41 0.38 18.86 24.69 18.80 0.17  0.04  
3/28/2006 9:00 0.00 23.89 16.39 1.80 18.86 24.29 17.92 0.12  0.06  
3/31/2006 10:00 0.00 24.29 17.41 1.67 18.86 24.29 16.72 0.15 0.12 0.07 0.19 
4/4/2006 9:00 0.00 23.49 16.39 2.38 18.86 23.10 15.93 0.11  0.15  














































4/11/2006 9:00 29.83 21.90 -1.02 17.84 18.86 19.91 31.04 0.21  0.37  
4/14/2006 10:00 0.00 20.31 17.41 5.74 18.86 23.89 13.14 0.12  0.30  
4/18/2006 9:00 0.00 23.10 16.39 1.83 18.86 23.10 16.72 0.11  0.11  
4/21/2006 9:00 0.00 23.89 17.41 0.64 18.86 24.29 17.92 0.16  0.04  
4/25/2006 9:00 9.06 21.90 34.81 1.74 18.86 41.01 24.59 0.16  0.06  
4/28/2006 9:00 0.38 40.62 0.00 1.19 18.86 22.70 17.90 0.16 0.15 0.06 0.14 
5/2/2006 10:00 0.00 23.49 15.38 0.06 18.86 20.31 18.72 0.12  0.02  
5/5/2006 9:00 0.00 19.51 17.41 0.00 18.86 19.51 18.32 0.16  0.00  
5/12/2006 9:00 43.42 18.32 17.41 7.75 18.86 26.68 53.78 0.20  0.12  
5/16/2006 10:00 0.00 25.48 0.00 11.05 18.86 18.72 5.18 0.03  0.70  
5/18/2006 10:00 0.00 17.92 17.41 9.37 18.86 26.28 9.16 0.08  0.51  
5/23/2006 10:00 0.00 26.68 16.39 2.58 18.86 28.27 17.52 0.12  0.12  
5/26/2006 10:00 4.15 28.27 17.41 0.15 18.86 27.08 22.47 0.20  0.02  
5/30/2006 10:00 61.17 27.08 -1.02 58.02 18.86 65.70 23.74 0.16 0.13 0.70 0.27 
6/2/2006 10:00 17.37 65.70 0.00 3.63 18.86 50.57 31.70 0.28  0.08  
6/6/2006 10:00 24.54 50.57 -2.03 11.17 18.86 41.41 31.31 0.21  0.26  
6/9/2006 10:00 0.00 41.01 0.00 12.50 18.86 35.04 5.57 0.05  0.70  
6/13/2006 10:00 78.16 34.64 -1.02 56.63 0.00 88.40 41.93 0.28  0.57  
6/16/2006 10:00 21.15 88.40 0.00 14.71 18.86 84.42 7.61 0.07  0.64  
6/20/2006 10:00 6.04 84.42 -1.02 5.11 18.86 70.88 18.39 0.12  0.22  
6/23/2006 10:00 0.00 70.88 0.00 3.34 18.86 55.75 14.34 0.13  0.18  
6/27/2006 10:00 84.96 54.95 -1.02 68.17 18.86 102.74 37.18 0.25  0.64  
6/30/2006 10:00 40.40 102.74 0.00 40.01 18.86 123.44 18.90 0.17 0.17 0.67 0.44 
7/4/2006 10:00 11.71 124.24 0.00 14.24 18.86 119.46 16.48 0.11  0.45  
7/7/2006 10:00 20.39 119.46 0.00 16.80 18.86 117.07 22.78 0.20  0.41  
7/11/2006 10:00 29.08 117.87 -1.02 31.65 18.86 127.42 19.92 0.13  0.58  














































7/18/2006 10:00 47.58 125.43 0.00 35.22 0.00 156.89 35.23 0.23  0.47  
7/21/2006 10:00 45.31 156.89 0.00 27.27 18.86 166.45 17.44 0.15  0.62  
7/25/2006 10:00 44.93 166.05 0.00 36.84 18.86 182.38 28.61 0.19  0.55  
7/28/2006 10:00 32.10 182.38 -17.41 34.00 18.86 179.99 18.16 0.16 0.17 0.64 0.52 
8/1/2006 10:00 32.85 179.99 0.00 30.26 18.86 188.75 23.69 0.16  0.54  
8/4/2006 10:00 0.00 189.15 0.00 10.15 18.86 179.99 9.56 0.08  0.49  
8/8/2006 10:00 4.91 179.99 0.00 4.32 18.86 164.46 20.84 0.14  0.10  
8/11/2006 10:00 0.00 164.46 0.00 1.19 18.86 147.73 16.72 0.15  0.07  
8/15/2006 10:00 18.50 147.73 0.00 0.90 18.86 129.02 35.55 0.24  0.02  
8/18/2006 10:00 6.04 129.02 0.00 6.67 18.86 117.87 19.26 0.17  0.25  
8/22/2006 10:00 26.43 117.87 0.00 17.06 18.86 114.28 29.62 0.20  0.33  
8/25/2006 10:00 45.31 113.89 0.00 47.95 18.86 141.76 17.84 0.16  0.72  
8/29/2006 10:00 48.33 142.16 -8.70 69.62 18.86 183.97 0.55 0.00 0.14 0.99 0.39 
9/1/2006 10:00 53.24 185.16 -13.43 48.24 18.86 199.10 20.19 0.18  0.70  
9/5/2006 10:00 48.33 199.90 -34.81 43.63 0.00 206.27 25.24 0.17  0.63  
9/8/2006 10:00 86.47 206.27 -40.61 73.83 18.86 221.40 13.20 0.12  0.85  
9/12/2006 10:00 6.42 221.80 -17.41 14.39 18.86 194.32 12.79 0.08  0.47  
9/15/2006 10:00 11.33 193.92 0.00 7.40 18.86 183.97 24.47 0.22  0.24  
9/19/2006 10:00 0.00 183.17 0.00 13.08 18.86 175.61 7.17 0.05  0.59  
9/22/2006 10:00 18.88 175.21 0.00 14.91 18.86 172.02 21.67 0.19  0.41  
9/26/2006 10:00 4.53 172.02 0.00 5.19 18.86 158.88 18.07 0.12  0.21  
9/29/2006 10:00 23.41 158.48 0.00 23.32 18.86 163.26 18.23 0.16 0.14 0.56 0.52 
  1672.39 -284.68    
      
Notes:      
The data is suspect on the following dates:  10/7/05; 10/26/05; 10/28/05   
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10/3/2005 10:30 13.22 83.62 -1.02 16.10 18.86 78.84 - -  -  
10/7/2005 9:30 97.42 80.83 0.00 87.03 18.86 149.72 28.13 0.19  0.76  
10/10/2005 10:30 15.86 149.72 -3.05 30.32 18.86 157.29 5.51 0.05  0.84  
10/14/2005 10:00 19.64 157.29 0.00 20.37 18.86 158.48 18.44 0.12  0.51  
10/17/2005 11:00 0.00 158.09 -1.02 12.16 18.86 150.52 6.37 0.06  0.64  
10/21/2005 10:30 0.00 150.92 0.00 4.93 18.86 137.38 14.34 0.09  0.22  
10/26/2005 11:30 189.18 137.38 -145.05 194.37 0.00 186.76 13.57 0.07  0.93  
10/28/2005 10:30 0.00 190.74 0.00 0.00 18.86 172.42 0.00 0.00  -  
10/31/2005 10:30 0.00 172.02 -1.02 4.79 18.86 157.29 13.94 0.12 0.09 0.24 0.59 
11/4/2005 10:30 20.77 155.30 0.00 23.21 18.86 161.67 15.19 0.10  0.61  
11/7/2005 11:00 0.00 161.27 -1.02 7.54 18.86 148.93 10.35 0.09  0.41  
11/11/2005 11:30 0.00 148.93 0.00 6.15 18.86 136.98 12.34 0.08  0.33  
11/14/2005 11:00 1.51 136.58 -1.02 3.22 18.86 120.65 16.64 0.15  0.14  
11/18/2005 11:30 0.00 120.65 0.00 8.53 18.86 111.10 11.15 0.07  0.38  
11/21/2005 10:00 1.13 111.50 0.00 6.47 18.86 99.55 11.09 0.10  0.36  
11/28/2005 10:30 0.00 99.15 -1.02 9.25 18.86 89.20 9.96 0.04 0.09 0.46 0.38 
12/2/2005 9:30 12.84 89.20 0.00 10.21 18.86 80.83 20.80 0.14  0.31  
12/5/2005 10:30 0.00 80.44 0.00 7.60 18.86 70.08 10.35 0.09  0.42  
12/9/2005 12:30 57.77 70.08 0.00 54.76 18.86 103.93 24.32 0.16  0.68  
12/13/2005 11:00 5.66 103.13 -2.03 20.02 18.86 102.74 4.07 0.03  0.82  
12/16/2005 10:30 1.89 102.74 0.00 11.75 18.86 95.57 8.66 0.08  0.56  
12/19/2005 13:00 2.64 94.77 0.00 13.84 18.86 91.19 7.02 0.06  0.66  
12/23/2005 10:00 0.00 90.79 0.00 14.77 18.86 87.21 3.58 0.02  0.80  
12/27/2005 9:30 0.00 86.41 0.00 8.73 18.86 76.85 9.16 0.06  0.48  















































1/2/2006 10:30 0.00 65.70 0.00 8.79 18.86 56.15 9.56 0.08  0.47  
1/6/2006 11:00 2.64 56.15 0.00 9.92 18.86 47.78 11.40 0.08  0.45  
1/10/2006 10:30 0.00 47.78 -1.02 4.82 18.86 32.65 13.14 0.09  0.25  
1/13/2006 11:30 0.00 33.05 0.00 8.47 18.86 22.70 10.35 0.09  0.43  
1/17/2006 10:00 26.05 22.30 -1.02 34.49 18.86 36.63 10.92 0.07  0.75  
1/20/2006 11:30 4.91 36.63 0.00 6.73 18.86 24.69 16.46 0.15  0.29  
1/24/2006 10:00 2.27 25.09 -1.02 11.14 18.86 16.72 10.23 0.07  0.51  
1/27/2006 11:00 0.38 15.93 17.41 8.12 18.86 23.10 11.13 0.10  0.42  
1/31/2006 9:00 9.44 22.30 -3.05 7.40 18.86 7.17 20.99 0.14 0.10 0.24 0.42 
2/7/2006 9:30 56.64 8.36 -1.02 57.50 18.86 45.00 20.01 0.08  0.74  
2/10/2006 10:30 0.00 44.60 0.00 7.02 18.86 33.05 11.55 0.10  0.37  
2/14/2006 9:45 6.42 33.05 -1.02 9.28 18.86 22.30 15.18 0.10  0.39  
2/17/2006 11:45 0.00 22.30 0.00 8.65 18.86 10.35 12.34 0.11  0.37  
2/21/2006 9:30 0.00 11.15 14.36 8.85 18.86 16.33 9.56 0.06  0.50  
2/24/2006 10:30 0.00 15.93 17.41 5.60 18.86 20.31 13.14 0.12  0.30  
2/28/2006 9:00 15.10 20.31 17.41 14.10 18.86 31.46 20.28 0.13 0.10 0.41 0.44 
3/3/2006 10:40 0.00 31.86 0.00 8.78 18.86 21.90 9.96 0.09  0.47  
3/7/2006 9:00 0.00 22.30 33.80 4.35 18.86 40.62 15.13 0.10  0.19  
3/10/2006 10:00 0.00 40.22 0.00 2.35 18.86 23.89 15.53 0.14  0.13  
3/13/2006 9:00 0.00 23.89 33.80 4.61 18.86 43.01 14.34 0.13  0.23  
3/17/2006 9:10 0.00 42.21 0.00 3.74 18.86 28.27 14.34 0.09  0.22  
3/21/2006 9:00 0.00 28.27 17.41 0.44 18.86 24.29 17.12 0.11  0.04  
3/24/2006 10:30 0.00 23.89 17.41 0.75 18.86 22.30 19.51 0.17  0.02  
3/28/2006 9:00 0.00 21.90 16.39 1.77 18.86 21.90 17.92 0.12  0.10  
3/31/2006 10:00 0.00 21.90 17.41 1.71 18.86 21.90 16.33 0.14 0.12 0.11 0.17 
4/4/2006 9:00 0.00 21.50 33.80 2.55 18.86 39.02 15.53 0.10  0.17  















































4/11/2006 9:00 29.83 21.10 -1.02 17.64 18.86 19.11 31.03 0.21  0.36  
4/14/2006 10:00 0.00 19.51 17.41 5.66 18.86 22.70 13.14 0.12  0.28  
4/18/2006 9:00 0.00 22.70 16.39 2.90 18.86 22.70 16.33 0.11  0.15  
4/21/2006 9:00 0.00 23.49 17.41 0.84 18.86 22.30 17.52 0.15  0.06  
4/25/2006 9:00 9.06 22.30 17.41 2.35 18.86 24.29 24.59 0.16  0.13  
4/28/2006 9:00 0.38 23.10 17.41 1.10 18.86 22.70 16.70 0.15 0.14 0.09 0.16 
5/2/2006 10:00 0.00 22.30 15.38 0.09 18.86 20.71 18.72 0.12  0.02  
5/5/2006 9:00 0.00 20.71 17.41 0.00 18.86 19.51 17.52 0.15  0.00  
5/12/2006 9:00 43.42 19.91 17.41 9.28 18.86 28.27 53.78 0.20  0.12  
5/16/2006 10:00 0.00 27.08 0.00 11.66 18.86 21.10 4.38 0.03  0.74  
5/18/2006 10:00 0.00 21.10 17.41 10.36 18.86 30.26 7.57 0.07  0.59  
5/23/2006 10:00 0.00 29.87 16.39 3.13 18.86 31.46 16.72 0.11  0.16  
5/26/2006 10:00 4.15 31.06 17.41 0.12 18.86 30.26 23.27 0.21  0.02  
5/30/2006 10:00 61.17 29.87 -1.02 58.02 18.86 66.90 20.95 0.14 0.13 0.74 0.30 
6/2/2006 10:00 17.37 66.90 0.00 2.99 18.86 51.77 34.89 0.31  0.07  
6/6/2006 10:00 24.54 51.77 -2.03 13.20 18.86 43.80 30.52 0.20  0.28  
6/9/2006 10:00 0.00 43.80 0.00 12.45 18.86 37.03 5.57 0.05  0.68  
6/13/2006 10:00 78.16 37.03 -1.02 56.66 0.00 90.39 42.33 0.28  0.56  
6/16/2006 10:00 21.15 90.39 0.00 15.69 18.86 87.60 6.41 0.06  0.70  
6/20/2006 10:00 6.04 87.60 -1.02 6.35 18.86 74.86 17.99 0.12  0.24  
6/23/2006 10:00 0.00 74.46 0.00 4.47 18.86 61.32 11.55 0.10  0.34  
6/27/2006 10:00 84.96 60.92 -1.02 68.17 18.86 109.11 37.57 0.25  0.64  
6/30/2006 10:00 40.40 109.11 0.00 41.95 18.86 130.61 17.31 0.15 0.17 0.70 0.47 
7/4/2006 10:00 11.71 131.01 0.00 15.43 18.86 124.64 18.48 0.12  0.40  
7/7/2006 10:00 20.39 124.64 0.00 17.15 18.86 123.04 23.58 0.21  0.40  
7/11/2006 10:00 29.08 123.04 -1.02 31.45 18.86 133.00 16.73 0.11  0.64  















































7/18/2006 10:00 47.58 132.20 0.00 38.29 0.00 168.04 29.26 0.19  0.55  
7/21/2006 10:00 45.31 168.04 0.00 29.01 18.86 177.60 16.64 0.15  0.63  
7/25/2006 10:00 44.93 178.39 -7.14 40.47 18.86 195.91 22.64 0.15  0.65  
7/28/2006 10:00 32.10 194.32 -17.41 37.13 18.86 195.12 14.18 0.13 0.16 0.71 0.56 
8/1/2006 10:00 32.85 195.12 -17.41 31.53 18.86 187.95 19.71 0.13  0.61  
8/4/2006 10:00 0.00 188.75 0.00 9.86 18.86 179.99 9.96 0.09  0.47  
8/8/2006 10:00 4.91 179.99 0.00 3.89 18.86 163.66 20.44 0.14  0.09  
8/11/2006 10:00 0.00 161.67 0.00 1.86 18.86 145.74 16.33 0.14  0.11  
8/15/2006 10:00 18.50 147.73 0.00 0.20 18.86 132.20 34.03 0.23  0.07  
8/18/2006 10:00 6.04 130.21 0.00 7.63 18.86 119.46 17.19 0.15  0.28  
8/22/2006 10:00 26.43 121.45 0.00 15.06 18.86 118.66 28.42 0.19  0.35  
8/25/2006 10:00 45.31 118.66 0.00 50.13 18.86 149.72 15.85 0.14  0.75  
8/29/2006 10:00 48.33 149.72 11.60 58.02 18.86 198.30 7.72 0.05 0.14 0.88 0.40 
9/1/2006 10:00 53.24 198.30 -36.49 49.55 18.86 191.14 22.98 0.20  0.68  
9/5/2006 10:00 48.33 191.53 -34.81 46.47 0.00 202.29 22.05 0.15  0.67  
9/8/2006 10:00 86.47 202.29 -58.02 77.46 18.86 201.89 12.41 0.11  0.86  
9/12/2006 10:00 6.42 201.89 -17.41 14.42 18.86 179.19 10.40 0.07  0.57  
9/15/2006 10:00 11.33 178.39 0.00 8.99 18.86 169.63 20.88 0.18  0.30  
9/19/2006 10:00 0.00 169.24 0.00 12.76 18.86 161.27 7.57 0.05  0.57  
9/22/2006 10:00 18.88 161.27 0.00 16.91 18.86 159.28 21.27 0.19  0.42  
9/26/2006 10:00 4.53 160.08 0.00 6.44 18.86 148.53 16.08 0.11  0.27  
9/29/2006 10:00 23.41 147.33 0.00 25.56 18.86 154.50 16.24 0.14 0.13 0.60 0.55 
   -326.60    
      
Notes:      
The data is suspect on the following dates:  10/7/05; 10/26/05; 10/28/05   
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Parameter   
OP [mg/L P] RPD RPD TP [mg/L P] RPD RPD 
Chamber n mean st. dev. Replicates Controls n mean
st. 
dev. Replicates Controls
TVO1 32 0.279 0.208 19.231 24 0.534 0.150 9.027 
TVO2 32 0.285 0.232 
1.996 
29.573 25 0.578 0.294 
7.967 
34.434 
TVR1 32 0.297 0.135 25.489 22 0.695 0.292 35.129 
TVR2 32 0.307 0.186 
3.106 
36.814 26 0.574 0.225 
19.095 
33.792 
TO1 30 0.366 0.159 45.638 25 0.652 0.182 28.783 
TO2 30 0.408 0.151 
10.771 
63.471 22 0.640 0.100 
1.867 
44.152 
C1 16 0.230 0.141 - 17 0.488 0.323   
C2 16 0.211 0.132 
8.499 
- 17 0.408 0.162 
17.728 
  
TR1 25 0.335 0.113 37.264 25 1.740 1.531 112.437
TR2 
3.324 36.952 
30 0.347 0.117 48.544 26 1.197 1.028 98.294 
EO1 32 1.498 0.767 146.753 29 2.163 1.074 126.414
EO2 32 1.279 0.804 
15.779 
143.289 1.930 1.072 
11.372 
130.17429
ER1 28 1.060 0.638 128.662 26 2.088 0.920 124.270
ER2 28 1.431 1.018 
29.801 
148.537 23 1.835 0.811 
12.890 
127.213
EVO1 31 0.674 0.623 98.216 22 1.299 1.135 90.830 
EVO2 31 0.676 0.624 
0.382 
104.810 24 1.362 1.310 
4.704 
107.738
EVR1 30 0.978 0.673 123.841 19 1.792 1.208 114.439

















Parameter   
NOX [mg/L N] RPD RPD NH3 [mg/L N] RPD RPD 
Chamber n mean st. dev. Replicates Controls n mean
st. 
dev. Replicates Controls 
TVO1 37 0.114 0.060 -106.973 35 0.047 0.063 -79.263 
TVO2 37 0.109 0.052 
4.050 
-117.237 35 0.051 0.068
7.425 
-46.102 
TVR1 35 0.119 0.051 -103.618 37 0.049 0.066 -76.298 
TVR2 36 0.115 0.050 
3.642 
-113.873 36 0.029 0.019
49.251 
-93.337 
TO1 34 0.097 0.035 -117.712 35 0.029 0.011 -116.963 
TO2 36 0.099 0.038 
1.966 
-123.415 35 0.028 0.015
0.402 
-96.211 
C1 22 0.375 0.241   20 0.109 0.140   
C2 22 0.419 0.299 
10.918 
  20 0.081 0.067
29.268 
  
TR1 37 0.100 0.039 -116.022 33 0.031 0.014 -110.924 
TR2 36 0.099 0.034 
0.897 
-123.599 33 0.033 0.033
5.252 
-84.604 
EO1 37 0.136 0.103 -93.468 36 0.037 0.047 -99.490 
EO2 38 0.126 0.089 
8.168 
-107.718 36 0.030 0.023
18.167 
-90.779 
ER1 33 0.107 0.040 -111.071 33 0.051 0.078 -72.840 
ER2 35 0.125 0.078 
14.923 
-108.259 33 0.028 0.039
56.847 
-96.556 
EVO1 35 0.112 0.053 -108.234 33 0.026 0.024 -122.004 
EVO2 35 0.134 0.096 
17.928 
-103.156 33 0.030 0.046
11.280 
-93.223 
EVR1 29 0.111 0.036 -108.665 30 0.040 0.062 -93.489 

















Parameter   
TKN [mg/L N] RPD RPD TN [mg/L N] RPD RPD 
Chamber n mean st. dev. Replicates Controls n mean
st. 
dev. Replicates Controls 
TVO1 5 1.215 0.630 59.184 6 1.513 0.732 39.758 
TVO2 5 1.188 0.467 
2.230 
45.275 6 1.755 1.166 
14.815 
38.870 
TVR1 7 1.202 0.780 58.175 4 1.649 0.875 47.967 
TVR2 7 1.051 0.788 
13.365 
33.496 4 1.559 0.836 
5.596 
27.384 
TO1 8 1.539 1.549 79.924 5 1.396 0.457 32.016 
TO2 7 1.163 0.520 
27.851 
43.209 6 1.337 0.472 
4.332 
12.180 
C1 9 0.660 0.226   8 1.011 0.082   
C2 9 0.750 0.499 
12.688 
  8 1.184 0.464 
15.733 
  
TR1 5 1.886 0.537 96.290 5 1.978 0.523 64.724 
TR2 5 2.039 0.746 
7.795 
92.477 5 2.129 0.733 
7.353 
57.095 
EO1 6 1.570 0.693 81.577 6 1.687 0.725 50.095 
EO2 7 2.185 1.457 
32.786 
97.834 7 2.294 1.466 
30.524 
63.868 
ER1 5 1.992 1.097 100.412 5 2.128 1.115 71.164 
ER2 3 2.563 1.358 
25.104 
109.488 3 2.697 1.395 
23.592 
77.995 
EVO1 8 1.012 0.868 42.038 8 1.109 0.815 9.269 
EVO2 8 0.786 0.586 
25.150 
4.684 8 0.882 0.534 
22.828 
-29.208 
EVR1 5 1.060 1.078 46.462 5 1.154 1.033 13.205 


















Parameter   
Turbidity [NTU] RPD RPD TSS [mg/L] RPD RPD 
Chamber n mean st. dev. Replicates Controls n mean 
st. 
dev. Replicates Controls
TVO1 34 6.934 3.270 -16.421 35 26.494 31.396 12.751 
TVO2 35 7.917 3.256 
13.234 
-32.829 35 29.981 34.954 
12.347 
20.333 
TVR1 34 12.779 7.231 43.943 34 32.745 25.339 33.630 
TVR2 34 9.661 6.978 
27.790 
-13.204 34 42.441 62.752 
25.791 
53.802 
TO1 32 5.797 2.286 -34.042 34 31.176 25.145 28.840 
TO2 32 6.432 2.190 
10.385 
-52.637 34 28.932 22.656 
7.468 
16.802 
C1 18 8.175 10.203   23 23.318 32.982   
C2 18 11.027 16.262 
29.702 
  23 24.447 23.501 
4.728 
  
TR1 32 6.305 3.912 -25.824 33 32.222 29.186 32.064 
TR2 32 7.077 10.722 
11.536 
-43.631 32 43.760 42.731 
30.369 
56.630 
EO1 34 5.972 5.164 -31.143 37 25.125 18.526 7.461 
EO2 34 7.150 6.116 
17.950 
-42.659 36 25.935 20.006 
3.172 
5.907 
ER1 31 10.005 8.061 20.127 33 33.040 21.111 34.500 
ER2 31 7.179 4.783 
32.882 
-42.264 31 27.000 22.677 
20.120 
9.924 
EVO1 30 2.212 2.733 -114.817 29 19.414 17.609 -18.272 
EVO2 30 2.389 2.010 
7.708 
-128.762 29 18.954 14.845 
2.398 
-25.313 
EVR1 30 3.070 3.145 -90.805 30 16.999 15.069 -31.345 

















Parameter   
TDS [mg/L] RPD RPD TS [mg/L] RPD RPD 
Chamber n mean st. dev. Replicates Controls n mean st. dev. Replicates Controls
TVO1 36 648.556 143.501 178.543 34 676.714 136.107 167.257
TVO2 36 671.889 187.071 
3.534 
177.323 34 694.833 175.026 
2.642 
165.682
TVR1 37 760.865 251.352 181.564 34 783.216 239.075 171.391
TVR2 36 693.667 259.463 
9.240 
177.995 33 728.212 265.649 
7.278 
167.126
TO1 36 392.667 107.695 165.757 34 425.764 114.347 150.353
TO2 35 383.897 109.298 
2.259 
161.930 34 413.638 110.100 
2.889 
145.530
C1 22 36.762 40.072   22 60.333 66.710   
C2 22 40.381 52.762 
9.383 
  22 65.207 75.322 
7.764 
  
TR1 35 353.714 102.474 162.341 33 388.586 107.625 146.241
TR2 35 365.486 113.660 
3.273 
160.203 32 414.635 132.656 
6.486 
145.643
EO1 37 183.027 56.548 133.096 36 206.731 63.414 109.635
EO2 37 186.054 55.399 
1.640 
128.667 35 211.133 61.596 
2.107 
105.614
ER1 33 186.061 63.845 134.007 32 218.906 68.250 113.575
ER2 32 180.875 41.949 
2.826 
126.997 29 206.448 51.505 
5.858 
103.986
EVO1 29 324.276 90.009 159.271 28 347.012 90.004 140.755
EVO2 29 366.069 110.602 
12.108 
160.260 28 390.655 110.752 
11.833 
142.784
EVR1 31 375.097 147.400 164.297 30 400.866 146.356 147.673




















Alkalinity [mg/L as 
CaCO3] 
RPD RPD pH RPD RPD 
Chamber n mean st. dev. Replicates Controls n mean
st. 
dev. Replicates Controls
TVO1 37 119.861 12.140 179.978 37 8.618 0.394 35.986 
TVO2 37 120.750 11.682 
0.739 
183.165 37 8.242 0.286 
4.462 
34.224 
TVR1 37 119.056 19.842 179.849 37 8.180 0.380 30.922 
TVR2 37 110.994 17.663 
7.008 
181.753 37 8.408 0.448 
2.743 
36.158 
TO1 36 84.886 13.826 172.300 36 9.109 0.580 41.324 
TO2 36 88.743 10.609 
4.443 
177.436 36 8.759 0.555 
3.918 
40.103 
C1 20 6.316 5.165   20 5.989 0.671   
C2 20 5.305 3.946 
17.391 
  20 5.833 0.717 
2.644 
  
TR1 35 92.547 10.981 174.446 35 8.812 0.506 38.142 
TR2 35 93.341 12.709 
0.854 
178.488 35 8.859 0.607 
0.526 
41.188 
EO1 38 72.822 24.660 168.077 38 9.099 0.848 41.219 
EO2 38 77.486 20.743 
6.207 
174.368 38 9.198 0.655 
1.075 
44.767 
ER1 34 69.303 21.962 166.591 34 9.457 0.775 44.894 
ER2 34 72.636 17.108 
4.697 
172.773 34 9.092 0.701 
3.927 
43.674 
EVO1 30 82.407 15.053 171.526 30 8.850 0.636 38.549 
EVO2 30 82.393 16.999 
0.016 
175.802 30 8.951 0.526 
1.142 
42.182 
EVR1 30 93.000 19.933 174.563 30 8.763 0.725 37.601 

















Parameter   
Temperature [oF] Replicates Controls
Chamber n mean st. dev. RPD RPD 
TVO1 13 78.362 9.738 -4.253 
TVO2 13 77.985 9.634 
0.482 
-2.092 
TVR1 11 77.582 7.996 -5.252 
TVR2 11 78.582 8.066 
1.281 
-1.329 
TO1 13 77.215 8.293 -5.726 
TO2 13 78.331 8.497 
1.434 
-1.649 
C1 7 81.767 7.994   
C2 7 79.633 6.638 
2.644 
  
TR1 12 76.858 7.511 -6.189 
TR2 12 77.300 7.294 
0.573 
-2.974 
EO1 13 75.508 7.987 -7.959 
EO2 13 76.369 7.344 
1.135 
-4.185 
ER1 13 78.354 6.559 -4.263 
ER2 13 78.769 6.329 
0.529 
-1.091 
EVO1 9 72.589 8.770 -11.892 
EVO2 9 72.056 8.286 
0.737 
-9.991 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX F: WATER QUALITY HYPOTHSIS TESTS 
 290
pH Hypothesis Tests 
HO1 When the media and vegetation is held constant, The pH for Over irrigation = pH for Regular irrigation 
Ha1 When the media and vegetation is held constant, pH for Over irrigation < pH for Regular irrigation      
HO2 When the media and irrigation rates are held constant, pH for Vegetated boxes = pH for Non Vegetated boxes    
Ha2 When the media and irrigation rates are held constant, pH for Vegetated boxes < pH for Non Vegetated boxes    
HO3 When the irrigation rates and vegetation is held constant, pH for Black & Gold = pH for Expanded Clay     
Ha3 When the irrigation rates and vegetation is held constant, pH for Black & Gold < pH for Expanded Clay     
HO4 pH for a vegetated box = pH for a control box             
Ha4 pH for a vegetated box > pH for a control box             
HO5 pH for a non-vegetated box = pH for a control box            
Ha5 pH for a non-vegetated box > pH for a control box            
                   
α = 0.05 zα =  1.645 -zα =  -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 8.62 8.24 8.18 8.41 9.11 8.76 5.99 5.83 8.81 8.86 9.10 9.20 9.46 9.09 8.85 8.95 8.76 8.79 
s 0.39 0.29 0.38 0.45 0.58 0.56 0.67 0.72 0.51 0.61 0.85 0.66 0.77 0.70 0.64 0.53 0.73 0.66 
Var 0.16 0.08 0.14 0.20 0.34 0.31 0.45 0.51 0.26 0.37 0.72 0.43 0.60 0.49 0.40 0.28 0.53 0.43 
n 37 37 37 37 36 36 20 20 35 35 38 38 34 34 30 30 30 30 
z1 4.859 -1.902   2.298 -0.722     -1.869 0.655   0.492 1.038   
HO1 R R   R A     R A   A A   
z2 -4.220 -4.987 -5.963 -3.571           -1.386 -1.719 -3.698 -1.770 
HO2 R R R R           A R R R 
z3 -1.744 -6.642 -3.980 -2.732 0.059 -3.111   -4.077 -1.478         
HO3 R R R R A R   R A         
z4 16.077 14.425 13.474 14.601           15.074 16.697 13.859 14.790 
HO4 R R R R           R R R R 
z5     17.471 15.815   16.337 15.903 15.271 17.497 17.297 16.269     
HO5     R R   R R R R R R     
 
 291
Alkalinity Hypothesis Tests 
HO1 Media and vegetation is held constant, Alkalinity Concentration for Over irrigation = Alkalinity Concentration for Regular irrigation 
Ha1 Media and vegetation is held constant, Alkalinity Concentration for Over irrigation < Alkalinity Concentration for Regular irrigation   
HO2 Media and irrigation are held constant, Alkalinity Conc. for Vegetated boxes = Alkalinity Conc. for Non Vegetated boxes    
Ha2 Media and irrigation are held constant, Alkalinity Conc. for Vegetated boxes < Alkalinity Conc. for Non Vegetated boxes    
HO3 Irrigation rates and vegetation is held constant, Alkalinity Conc. for Black & Gold = Alkalinity Conc. for Expanded Clay    
Ha3 Irrigation rates and vegetation is held constant, Alkalinity Conc. for Black & Gold < Alkalinity Conc. for Expanded Clay    
HO4 Alkalinity for a vegetated box = Alkalinity for a control box            
Ha4 Alkalinity for a vegetated box > Alkalinity for a control box            
HO5 Alkalinity for a non-vegetated box = Alkalinity for a control box           
Ha5 Alkalinity for a non-vegetated box > Alkalinity for a control box           
                   
α = 0.05 zα =  1.645 -zα =  -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 119.86 120.75 119.06 110.99 84.89 88.74 6.32 5.31 92.55 93.34 72.82 77.49 69.30 72.64 82.41 82.39 93.00 76.83 
s 12.14 11.68 19.84 17.66 13.83 10.61 5.16 3.95 10.98 12.71 24.66 20.74 21.96 17.11 15.05 17.00 19.93 19.99 
Var 147.38 136.48 393.71 311.97 191.16 112.55 26.67 15.57 120.58 161.51 608.13 430.26 482.34 292.68 226.60 288.96 397.31 399.45 
n 37.00 37.00 37.00 37.00 36.00 36.00 20.00 20.00 35.00 35.00 38.00 38.00 34.00 34.00 30.00 30.00 30.00 30.00 
z1 0.211 2.802   -2.589 -1.653 0.695    0.640 1.086   -2.323 1.161   
HO1 A R   R R A    A A   R A   
z2 11.473 12.261 7.063 4.887           1.975 1.072 4.525 0.896 
HO2 R R R R           R A R A 
z3 11.027 10.509 5.331 7.325 2.613 2.961   5.536 5.694         
HO3 R R R R R R   R R         
z4 49.243 54.621 32.580 34.826           25.524 23.892 22.704 19.053 
HO4 R R R R           R R R R 
z5     30.483 42.224   39.447 37.909 15.972 20.750 15.988 21.977     
HO5     R R   R R R R R R     
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TS Hypothesis Tests 
HO1 Media and vegetation is held constant, The TS Concentration for Over irrigation = TS Concentration for Regular irrigation 
Ha1 Media and vegetation is held constant, TS Concentration for Over irrigation < TS Concentration for Regular irrigation     
HO2 Media and irrigation rates are held constant, TS Concentration for Vegetated boxes = TS Concentration for Non Vegetated boxes   
Ha2 Media and irrigation rates are held constant, TS Concentration for Vegetated boxes < TS Concentration for Non Vegetated boxes   
HO3 Irrigation rates and vegetation is held constant, TS Concentration for Black & Gold = TS Concentration for Expanded Clay    
Ha3 Irrigation rates and vegetation is held constant, TS Concentration for Black & Gold < TS Concentration for Expanded Clay    
HO4 TS for a vegetated box = TS for a control box             
Ha4 TS for a vegetated box > TS for a control box             
HO5 TS for a non-vegetated box = TS for a control box             
Ha5 TS for a non-vegetated box > TS for a control box             
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 676.71 694.83 783.22 728.21 425.76 413.64 57.64 61.03 388.59 414.64 206.73 211.13 218.91 206.45 331.90 374.15 389.25 436.81 
s 136.11 175.03 239.07 265.65 114.35 110.10 62.51 70.34 107.62 132.66 63.41 61.60 68.25 51.50 91.17 113.91 138.30 181.17 
Var 18525 30634 57157 70570 13075 12122 3908 4947 11583 17597 4021 3794 4658 2653 8313 12975 19127 32823 
n 34.00 34.00 34.00 33.00 34.00 34.00 26.00 26.00 33.00 32.00 36.00 35.00 32.00 29.00 33.00 32.00 35.00 34.00 
z1 -2.257 -0.605   1.371 -0.033     -0.759 0.331   -2.030 -1.692   
HO1 R A   A A     A A   R R   
z2 8.232 7.930 8.754 6.048           6.564 7.191 6.475 7.086 
HO2 R R R R           R R R R 
z3 12.216 8.872 8.347 5.231 9.832 9.392   7.615 8.220         
HO3 R R R R R R   R R         
z4 23.480 19.186 16.955 13.826           13.676 12.828 12.563 11.054 
HO4 R R R R           R R R R 
z5     15.918 15.079   14.781 12.997 9.211 8.685 9.376 8.663     





TDS Hypothesis Tests 
HO1 Media and vegetation are held constant, TDS Concentration for Over irrigation = TDS Concentration for Regular irrigation 
Ha1 Media and vegetation are held constant, TDS Concentration for Over irrigation < TDS Concentration for Regular irrigation    
HO2 Media and irrigation rates are held constant, TDS Concentration for Vegetated boxes = TDS Concentration for Non Vegetated boxes   
Ha2 Media and irrigation rates are held constant, TDS Concentration for Vegetated boxes > TDS Concentration for Non Vegetated boxes   
HO3 Irrigation rates and vegetation are held constant, TDS Concentration for Black & Gold = TDS Concentration for Expanded Clay    
Ha3 Irrigation rates and vegetation are held constant, TDS Concentration for Black & Gold > TDS Concentration for Expanded Clay    
HO4 TDS for a vegetated box = TDS for a control box             
Ha4 TDS for a vegetated box > TDS for a control box             
HO5 TDS for a non-vegetated box = TDS for a control box            
Ha5 TDS for a non-vegetated box > TDS for a control box            
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 648.56 671.89 760.86 693.67 392.67 383.90 33.92 36.48 353.71 365.49 183.03 186.05 186.06 180.88 311.65 351.64 366.67 415.43 
s 143.50 187.07 251.35 259.46 107.69 109.30 37.44 49.12 102.47 113.66 56.55 55.40 63.84 41.95 89.46 111.61 138.23 177.37 
Var 20593 34996 63178 67321 11598 11946 1401 2412 10501 12919 3198 3069 4076 1760 8002 12457 19108 31461 
n 36.00 36.00 37.00 36.00 36.00 35.00 26.00 26.00 35.00 35.00 37.00 37.00 33.00 32.00 34.00 33.00 36.00 35.00 
z1 -2.352 -0.408   1.562 0.691     -0.209 0.441   -1.988 -1.786   
HO1 R A   A A     A A   R R   
z2 8.557 7.947 9.087 6.935           7.170 7.717 7.061 7.594 
HO2 R R R R           R R R R 
z3 11.857 8.717 8.332 5.288 10.371 9.605   8.146 8.964         
HO3 R R R R R R   R R         
z4 24.567 19.472 17.321 14.834           16.329 14.533 13.761 12.034 
HO4 R R R R           R R R R 
z5     18.499 16.675   16.999 15.309 12.587 11.283 11.422 11.878     





TSS Hypothesis Tests 
HO1 Media and vegetation are held constant, TSS Concentration for Over irrigation = TSS Concentration for Regular irrigation 
Ha1 Media and vegetation are held constant, TSS Concentration for Over irrigation < TSS Concentration for Regular irrigation    
HO2 Media and irrigation rates are held constant, TSS Concentration for Vegetated boxes = TSS Concentration for Non Vegetated boxes   
Ha2 Media and irrigation rates are held constant, TSS Concentration for Vegetated boxes < TSS Concentration for Non Vegetated boxes   
HO3 Irrigation rates and vegetation are held constant, TSS Concentration for Black & Gold = TSS Concentration for Expanded Clay    
Ha3 Irrigation rates and vegetation are held constant, TSS Concentration for Black & Gold < TSS Concentration for Expanded Clay    
HO4 TSS for a vegetated box = TSS for a control box             
Ha4 TSS for a vegetated box > TSS for a control box             
HO5 TSS for a non-vegetated box = TSS for a control box            
Ha5 TSS for a non-vegetated box > TSS for a control box            
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 26.49 29.98 32.75 42.44 31.18 28.93 23.50 24.24 32.22 43.76 25.13 25.94 33.04 27.00 17.87 18.06 15.31 17.81 
s 31.40 34.95 25.34 62.75 25.14 22.66 33.48 23.90 29.19 42.73 18.53 20.01 21.11 22.68 17.06 15.02 14.69 15.88 
Var 986 1222 642 3938 632 513 1121 571 852 1826 343 400 446 514 291 226 216 252 
n 35 35 34 34 34 34 27 27 33 32 37 36 33 31 34 33 35 35 
z1 -0.911 -1.015   -0.157 -1.746     -1.658 -0.202   0.666 0.067   
HO1 A A   A R     R A   A A   
z2 -0.685 0.148 0.078 -0.100           -1.719 -1.858 -3.998 -1.883 
HO2 A A A A           R R R R 
z3 1.424 1.844 3.484 2.220 1.146 0.585   -0.130 1.953         
HO3 A R R R A A   A R         
z4 0.359 0.767 1.190 1.555           -0.796 -1.168 -1.186 -1.207 
HO4 A A A A           A A A A 
z5     0.991 0.779   1.063 2.207 0.229 0.298 1.287 0.449     





Turbidity Hypothesis Tests 
HO1 Media and vegetation are held constant, Turbidity for Over irrigation = Turbidity for Regular irrigation 
Ha1 Media and vegetation are held constant, Turbidity for Over irrigation < Turbidity for Regular irrigation        
HO2 Media and irrigation rates are held constant, Turbidity for Vegetated boxes = Turbidity for Non Vegetated boxes       
Ha2 Media and irrigation rates are held constant, Turbidity for Vegetated boxes < Turbidity for Non Vegetated boxes       
HO3 Irrigation rates and vegetation are held constant, Turbidity for Black & Gold = Turbidity for Expanded Clay       
Ha3 Irrigation rates and vegetation are held constant, Turbidity for Black & Gold < Turbidity for Expanded Clay       
HO4 Turbidity for a vegetated box = Turbidity for a control box            
Ha4 Turbidity for a vegetated box > Turbidity for a control box            
HO5 Turbidity for a non-vegetated box = Turbidity for a control box            
Ha5 Turbidity for a non-vegetated box > Turbidity for a control box            
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 6.93 7.92 12.78 9.66 5.80 6.43 6.83 8.94 6.31 7.08 5.97 7.15 10.00 7.18 3.22 3.28 3.16 2.99 
s 3.27 3.26 7.23 6.98 2.29 2.19 9.11 14.49 3.91 10.72 5.16 6.12 8.06 4.78 3.74 2.90 2.99 2.59 
Var 11 11 52 49 5 5 83 210 15 115 27 37 65 23 14 8 9 7 
n 34 35 34 34 32 32 24 24 32 32 34 34 31 31 37 37 37 37 
z1 -4.294 -1.324   -0.635 -0.334     -2.376 -0.022   0.077 0.453   
HO1 R A   A A     R A   A A   
z2 1.646 2.208 4.559 1.153           -2.557 -3.363 -4.480 -4.372 
HO2 R R R A           R R R R 
z3 4.471 6.377 7.215 5.253 -0.180 -0.642   -2.305 -0.049         
HO3 R R R R A A   R A         
z4 0.054 -0.342 2.663 0.225           -1.845 -1.892 -1.910 -1.994 
HO4 A A R A           R R R R 
z5     -0.542 -0.842   -0.264 -0.532 -0.416 -0.572 1.348 -0.573     








TN Hypothesis Tests 
HO1 Media and vegetation are held constant, TN Concentration for Over irrigation = TN Concentration for Regular irrigation 
Ha1 Media and vegetation are held constant, TN Concentration for Over irrigation < TN Concentration for Regular irrigation     
HO2 Media and irrigation rates are held constant, TN Concentration for Vegetated boxes = TN Concentration for Non Vegetated boxes     
Ha2 Media and irrigation rates are held constant, TN Concentration for Vegetated boxes < TN Concentration for Non Vegetated boxes     
HO3 Irrigation rates and vegetation are held constant, TN Concentration for Black & Gold = TN Concentration for Expanded Clay      
Ha3 Irrigation rates and vegetation are held constant, TN Concentration for Black & Gold < TN Concentration for Expanded Clay      
HO4 TN for a vegetated box = TN for a control box              
Ha4 TN for a vegetated box > TN for a control box              
HO5 TN for a non-vegetated box = TN for a control box             
Ha5 TN for a non-vegetated box > TN for a control box             
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 1.51 1.75 1.65 1.56 1.40 1.34 0.94 1.10 1.98 2.13 1.69 2.29 2.13 2.70 1.09 0.89 1.10 0.70 
s 0.73 1.17 0.88 0.84 0.46 0.47 0.21 0.50 0.52 0.73 0.73 1.47 1.11 1.39 0.68 0.46 0.69 0.34 
Var 0.54 1.36 0.77 0.70 0.21 0.22 0.05 0.25 0.27 0.54 0.53 2.15 1.24 1.95 0.46 0.22 0.48 0.11 
n 6.00 6.00 4.00 4.00 5.00 6.00 9.00 9.00 5.00 5.00 6.00 7.00 5.00 3.00 13.00 13.00 11.00 11.00 
z1 -0.257 0.308   -1.874 -2.082     -0.761 -0.412   -0.044 1.189   
HO1 A A   R R     A A   A A   
z2 0.321 0.813 -0.664 -1.073           -1.698 -2.462 -1.897 -2.462 
HO2 A A A A           R R R R 
z3 1.195 1.745 1.127 2.000 -0.807 -1.632   -0.271 -0.653         
HO3 A R A R A A   A A         
z4 1.849 1.296 1.589 1.018           0.724 -0.985 0.720 -2.065 
HO4 R A A A           A A A R 
z5     2.089 0.927   4.227 2.796 2.437 2.063 2.349 1.941     






TKN Hypothesis Tests 
HO1 Media and vegetation are held constant, TKN Concentration for Over irrigation = TKN Concentration for Regular irrigation 
Ha1 Media and vegetation are held constant, TKN Concentration for Over irrigation < TKN Concentration for Regular irrigation      
HO2 Media and irrigation rates are held constant, TKN Concentration for Vegetated boxes = TKN Concentration for Non Vegetated boxes     
Ha2 Media and irrigation rates are held constant, TKN Concentration for Vegetated boxes < TKN Concentration for Non Vegetated boxes     
HO3 Irrigation rates and vegetation are held constant, TKN Concentration for Black & Gold = TKN Concentration for Expanded Clay     
Ha3 Irrigation rates and vegetation are held constant, TKN Concentration for Black & Gold < TKN Concentration for Expanded Clay     
HO4 TKN for a vegetated box = TKN for a control box             
Ha4 TKN for a vegetated box > TKN for a control box             
HO5 TKN for a non-vegetated box = TKN for a control box             
Ha5 TKN for a non-vegetated box > TKN for a control box             
                   
α = 0.05 zα = 1.645 -1.645              -zα = 
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 1.22 1.19 1.20 1.05 1.54 1.16 0.62 0.71 1.89 2.04 1.57 2.19 1.99 2.56 0.99 0.79 1.00 0.59 
s 0.63 0.47 0.78 0.79 1.55 0.52 0.24 0.49 0.54 0.75 0.69 1.46 1.10 1.36 0.72 0.50 0.72 0.34 
Var 0.40 0.22 0.61 0.62 2.40 0.27 0.06 0.24 0.29 0.56 0.48 2.12 1.20 1.84 0.51 0.25 0.52 0.12 
n 5 5 7 7 8 7 10 10 5 5 6 7 5 3 13 13 11 11 
z1 0.033 0.377   -0.580 -2.264     -0.745 -0.394   -0.028 1.166   
HO1 A A   A R     A A   A A   
z2 -0.526 0.089 -1.800 -2.210           -1.684 -2.457 -1.855 -2.497 
HO2 A A R R           R R R R 
z3 0.660 1.587 0.562 1.467 -0.050 -1.749   -0.193 -0.615         
HO3 A A A A A R   A A         
z4 2.026 1.849 1.896 1.024           1.709 0.399 1.619 -0.640 
HO4 R R R A           R A A A 
z5     1.655 1.821   5.010 3.623 3.228 2.584 2.754 2.322     







NH4 Hypothesis Tests 
HO1 Media and vegetation are held constant, NH4 Concentration for Over irrigation = NH4 Concentration for Regular irrigation 
Ha1 Media and vegetation are held constant, NH4 Concentration for Over irrigation < NH4 Concentration for Regular irrigation      
HO2 Media and irrigation rates are held constant, NH4 Concentration for Vegetated boxes = NH4 Concentration for Non Vegetated boxes     
Ha2 Media and irrigation rates are held constant, NH4 Concentration for Vegetated boxes < NH4 Concentration for Non Vegetated boxes     
HO3 Irrigation rates and vegetation are held constant, NH4 Concentration for Black & Gold = NH4 Concentration for Expanded Clay      
Ha3 Irrigation rates and vegetation are held constant, NH4 Concentration for Black & Gold < NH4 Concentration for Expanded Clay      
HO4 NH4 for a vegetated box = NH4 for a control box             
Ha4 NH4 for a vegetated box < NH4 for a control box             
HO5 NH4 for a non-vegetated box = NH4 for a control box             
Ha5 NH4 for a non-vegetated box < NH4 for a control box             
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 0.05 0.05 0.05 0.03 0.03 0.03 0.09 0.07 0.03 0.03 0.04 0.03 0.05 0.03 0.03 0.03 0.04 0.05 
s 0.06 0.07 0.07 0.02 0.01 0.02 0.12 0.06 0.01 0.03 0.05 0.02 0.08 0.04 0.02 0.04 0.06 0.10 
Var 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 
n 35.00 35.00 37.00 36.00 35.00 35.00 26.00 26.00 33.00 33.00 36.00 36.00 33.00 33.00 40.00 40.00 37.00 37.00 
z1 -0.110 1.793   -0.845 -0.707     -0.904 0.278   -0.870 -1.106   
HO1 A R   A A     A A   A A   
z2 1.717 1.903 1.568 -0.520           -0.790 0.024 -0.749 1.232 
HO2 R R A A           A A A A 
z3 1.540 1.519 0.725 -1.237 -1.002 -0.441   -1.408 0.515         
HO3 R A A A A A   A A         
z4 -1.771 -1.378 -1.701 -3.614           -2.615 -3.166 -2.141 -1.098 
HO4 R A R R           R R R A 
z5     -2.686 -3.738   -2.571 -3.096 -2.253 -3.474 -1.554 -3.319     







NOx Hypothesis Tests 
HO1 Media and vegetation are held constant, NOx Concentration for Over irrigation = NOx Concentration for Regular irrigation 
Ha1 Media and vegetation are held constant, NOx Concentration for Over irrigation < NOx Concentration for Regular irrigation      
HO2 Media and irrigation rates are held constant, NOx Concentration for Vegetated boxes = NOx Concentration for Non Vegetated boxes     
Ha2 Media and irrigation rates are held constant, NOx Concentration for Vegetated boxes < NOx Concentration for Non Vegetated boxes     
HO3 Irrigation rates and vegetation are held constant, NOx Concentration for Black & Gold = NOx Concentration for Expanded Clay      
Ha3 Irrigation rates and vegetation are held constant, NOx Concentration for Black & Gold < NOx Concentration for Expanded Clay      
HO4 NOx for a vegetated box = NOx for a control box             
Ha4 NOx for a vegetated box < NOx for a control box             
HO5 NOx for a non-vegetated box = NOx for a control box             
Ha5 NOx for a non-vegetated box < NOx for a control box             
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO             
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 0.11 0.11 0.12 0.11 0.10 0.10 0.32 0.35 0.10 0.10 0.14 0.13 0.11 0.12 0.11 0.13 0.11 0.12 
s 0.06 0.05 0.05 0.05 0.04 0.04 0.24 0.29 0.04 0.03 0.10 0.09 0.04 0.08 0.05 0.09 0.03 0.03 
Var 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.09 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.00 
n 37 37 35 36 34 36 28 28 37 36 37 38 33 35 42 42 36 35 
z1 -0.414 -0.473   -0.288 0.035     1.580 0.049   -0.111 0.772   
HO1 A A   A A     A A   A A   
z2 1.437 0.951 1.807 1.586           -1.351 0.239 0.558 -0.386 
HO2 A A R A           A A A A 
z3 0.204 -1.317 0.674 -0.441 -2.172 -1.683   -0.799 -1.796         
HO3 A A A A R R   A R         
z4 -4.362 -4.294 -4.266 -4.194           -4.457 -3.852 -4.463 -4.149 
HO4 R R R R           R R R R 
z5     -4.785 -4.497   -4.725 -4.509 -3.715 -3.921 -4.551 -3.957     







TP Hypothesis Tests 
HO1 Media and vegetation are held constant, TP Concentration for Over irrigation = TP Concentration for Regular irrigation 
Ha1 Media and vegetation are held constant, TP Concentration for Over irrigation < TP Concentration for Regular irrigation       
HO2 Media and irrigation rates are held constant, TP Concentration for Vegetated boxes = TP Concentration for Non Vegetated boxes     
Ha2 Media and irrigation rates are held constant, TP Concentration for Vegetated boxes < TP Concentration for Non Vegetated boxes     
HO3 Irrigation rates and vegetation are held constant, TP Concentration for Black & Gold = TP Concentration for Expanded Clay      
Ha3 Irrigation rates and vegetation are held constant, TP Concentration for Black & Gold < TP Concentration for Expanded Clay      
HO4 TP for a vegetated box = TP for a control box              
Ha4 TP for a vegetated box > TP for a control box              
HO5 TP for a non-vegetated box = TP for a control box             
Ha5 TP for a non-vegetated box > TP for a control box             
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 0.53 0.58 0.70 0.57 0.65 0.64 0.47 0.39 1.74 1.20 2.16 1.93 2.09 1.84 1.22 1.28 1.63 1.15 
s 0.15 0.29 0.29 0.22 0.18 0.10 0.31 0.16 1.53 1.03 1.07 1.07 0.92 0.81 1.08 1.26 1.20 0.93 
Var 0.02 0.09 0.09 0.05 0.03 0.01 0.10 0.03 2.34 1.06 1.15 1.15 0.85 0.66 1.18 1.58 1.44 0.87 
n 24.00 25.00 22.00 26.00 25.00 22.00 19.00 19.00 25.00 26.00 29.00 29.00 26.00 23.00 25.00 27.00 22.00 25.00 
z1 -2.333 0.052   -3.530 -2.751     0.279 0.364   -1.213 0.409   
HO1 R A   R R     A A   A A   
z2 -2.482 -0.985 -3.343 -3.019           -3.194 -2.084 -1.469 -2.708 
HO2 R A R R           R R A R 
z3 -3.142 -2.816 -3.549 -3.021 -7.458 -6.448   -0.979 -2.424         
HO3 R R R R R R   A R         
z4 0.793 2.701 2.364 3.192           3.285 3.632 4.360 4.011 
HO4 A R R R           R R R R 
z5     2.248 5.829   4.033 3.936 7.990 7.605 8.335 8.341     







OP Hypothesis Tests 
HO1 Media and vegetation are held constant, OP Concentration for Over irrigation = OP Concentration for Regular irrigation 
Ha1 Media and vegetation are held constant, OP Concentration for Over irrigation < OP Concentration for Regular irrigation      
HO2 Media and irrigation rates are held constant, OP Concentration for Vegetated boxes = OP Concentration for Non Vegetated boxes     
Ha2 Media and irrigation rates are held constant, OP Concentration for Vegetated boxes < OP Concentration for Non Vegetated boxes     
HO3 Irrigation rates and vegetation are held constant, OP Concentration for Black & Gold = OP Concentration for Expanded Clay      
Ha3 Irrigation rates and vegetation are held constant, OP Concentration for Black & Gold < OP Concentration for Expanded Clay      
HO4 OP for a vegetated box = OP for a control box              
Ha4 OP for a vegetated box > OP for a control box              
HO5 OP for a non-vegetated box = OP for a control box             
Ha5 OP for a non-vegetated box > OP for a control box             
                   
α = 0.05 zα = 1.645 -zα = -1.645              
                   
 Note: R = Reject HO & A = Accept HO              
 TVO1 TVO2 TVR1 TVR2 TO1 TO2 C1 C2 TR1 TR2 EO1 EO2 ER1 ER2 EVO1 EVO2 EVR1 EVR2 
Average 0.28 0.28 0.30 0.31 0.37 0.41 0.26 0.27 0.34 0.35 1.50 1.28 1.06 1.43 0.63 0.62 0.89 0.68 
s 0.21 0.23 0.14 0.19 0.16 0.15 0.18 0.35 0.11 0.12 0.77 0.80 0.64 1.02 0.58 0.58 0.66 0.54 
Var 0.04 0.05 0.02 0.03 0.03 0.02 0.03 0.13 0.01 0.01 0.59 0.65 0.41 1.04 0.34 0.33 0.43 0.29 
n 32 32 32 32 30 30 21 22 30 30 32 32 28 28 38 38 37 37 
z1 -0.417 -0.419   0.862 1.748     2.415 -0.635   -1.783 -0.460   
HO1 A A   A R     R A   R A   
z2 -1.863 -2.493 -1.207 -1.023           -5.250 -3.870 -1.073 -3.554 
HO2 R R A A           R R A R 
z3 -3.462 -3.277 -5.323 -3.962 -8.162 -6.015   -5.925 -5.601         
HO3 R R R R R R   R R         
z4 0.422 0.196 0.888 0.471           3.648 2.922 5.475 3.542 
HO4 A A A A           R R R R 
z5     2.241 1.737   1.774 1.004 8.790 6.278 6.336 5.626     




























































7/22/2005 - - 0.07 - - - - - - - 86 7.14 
7/22/2005 - - 0.07 - - - - - - - - - 
8/29/2005 - - 0.07 0.34 - - - 30 720 750 105 9.17 
8/29/2005 - - 0.07 - - - - - - - - - 
9/5/2005 - - - 0.03 - - - 23 868 891.33 94 7.88 
9/12/2005 - - - 0.04 - - 12.30 27 724 750.67 102 8.54 
9/19/2005 - - - 0.07 - - 7.10 - 744 - 128 8.76 
9/19/05* 0.006 0.19 0.01 0.035 - 2.439 6.00 31 - - 115 8.3 
9/26/2005 0.12 0.65 0.18 - - - 8.84 43 900 943.33 124 8.38 
10/3/2005 - 0.63 - 0.03 - - 8.68 3 720 723.33 130 8.82 
10/10/2005 0.06 - 0.3 0.04 - - 4.91 30 864 894 135 8.13 
10/17/2005 0.05 0.57 0.19 0.01 - - 5.30 33 676 709.33 134 8.61 
10/31/2005 0.17 0.61 0.01 0.22 - - 5.50 33 576 609.33 130 8.61 
10/31/2005 0.18 0.63 0.01 0.11 - - 4.03 17 608 624.67 128 8.56 
11/7/2005 0.25 0.58 0.12 0.03 1.77 1.89 7.19 140 368 508 126 8.73 
11/7/2005 0.25 0.61 0.13 0.02 1.82 1.95 8.45 133 400 533 126 8.65 
11/14/2005 0.13 0.56 0.03 0.01 - - 5.51 50 476 526 112 8.58 
11/28/2005 0.09 0.64 0.2 0.01 - - 5.02 3 420 423.33 122 8.71 
12/13/2005 0.12 0.65 0.01 0.005 - - - 30 504 534 - - 
1/10/2006 0.13 0.18 0.12 - - - 13.6 43 652 695.33 116 8.81 
1/17/2006 - 0.46 0.14 - - - 11.4 20 640 660 118 8.8 
1/24/2006 0.27 0.75 0.08 0.025 - - 14.6 3 812 815.33 111 8.33 
1/31/2006 0.24 0.36 0.11 0.038 - - 9.11 20 672 692 128 8.26 
2/7/2006 0.43 - 0.15 0.017 - - 9.87 0 712 712 113 9.18 
2/14/2006 0.05 0.64 0.19 0.026 - - 9.61 33 816 849.33 111 8.13 
2/21/2006 0.17 - 0.09 0.024 - - 9.08 13 652 665.33 118 8.03 
2/28/2006 0.19 0.38 0.11 0.023 - - 8.25 23 644 667.33 124 8.35 
2/28/2006 0.25 0.37 - - - - 8.08 50 656 706 124 8.35 
3/7/2006 0.31 0.75 0.17 0.026 - - 8.92 33 804 837.33 114 8.56 






























3/21/2006 1.09 - 0.12 0.017 - - 5.59 13 696 709.33 118 8.81 
3/28/2006 - - 0.09 0.025 0.476 0.566 4.11 - - - 148 9.07 
4/4/2006 0.39 0.49 0.12 0.026 - - 3.34 - 492 - 108 9.26 
4/11/2006 0.34 - 0.11 0.046 0.633 0.743 2.86 3 580 583 94 9.49 
4/18/2006 0.34 0.5 0.12 0.044 - - 2.37 3 440 443 110 9.17 
5/2/2006 0.51 - 0.11 0.042 - - 1.51 - - - 106 8.9 
5/23/2006 0.27 - 0.11 0.043 1.377 1.487 - 0 556 556 - - 
5/30/2006 0.51 0.56 0.11 0.042 - - - 23 424 447 - - 
6/6/2006 0.34 0.48 0.12 0.034 - - 3.13 7 676 683 120 8.78 
6/13/2006 0.51 0.57 0.11 0.046 - - 3.48 0 712 712 138 8.73 
6/20/2006 0.51 - 0.11 0.032 - - 3.64 7 896 903 132 7.74 
7/11/2006 0.26 - 0.12 0.051 - - 5.08 0 592 592 136 8.8 
             
Average 0.28 0.53 0.11 0.05 1.22 1.51 7 26 649 677 120 8.62 
Stand. Dev. 0.21 0.15 0.06 0.06 0.63 0.73 3 31 144 136 12 0.39 
Varence 0.04 0.02 0.00 0.00 0.40 0.54 11 986 20593 18525 147 0.16 
n 32 24 37 35 5 6 34 35 36 34 37 37 
Mass Out 73.64 140.90 30.02 12.42 320.80 399.28  6994 171212 178646 31642  
Median 0.25 0.57 0.11 0.03 1.377 1.6885 7 23 656 687 118 8.61 
 305






























7/22/2005 - - 0.11 - - - - - - - 92 6.88 
7/22/2005 - - 0.1 - - - - - - - - - 
8/29/2005 - - 0.04 0.15 - - - 14 884 898 102 8.48 
8/29/2005 - - 0.03 - - - - - - - - - 
9/5/2005 - - - 0.19 - - 12.02 100 1104 1204 96 7.47 
9/12/2005 - - - 0.04 - - 8.42 30 1000 1030 120 8.66 
9/19/2005 - - - 0.11 - - 9.76 - 1064 - 112 8.35 
9/19/05* 0.006 0.421 0.012 0.371 - 3.975 5.30 165 - - 112 7.71 
9/26/2005 0.13 0.79 0.12 - - - 7.85 23 924 947.33 124 8.16 
10/3/2005 - 0.62 - 0.04 - - 9.52 0 800 800 120 8.28 
10/10/2005 0.11  0.1 0.04 - - 4.94 23 836 859.33 118 7.95 
10/17/2005 0.07 0.68 0.14 0.01 - - 8.15 50 668 718 121 8.15 
10/31/2005 0.09 0.58 0.01 0.07 - - 5.56 23 612 635.33 116 7.89 
10/31/2005 0.1 0.61 0.02 0.06 - - 5.29 40 588 628 116 8.02 
11/7/2005 0.21 0.52 0.12 0.02 1.35 1.47 8.90 87 356 443 110 8.28 
11/7/2005 0.21 0.59 0.12 0.02 1.38 1.5 9.42 90 428 518 112 8.28 
11/14/2005 0.12 0.52 0.02 0.01 - - 10.50 27 500 526.67 110 8.38 
11/28/2005 0.07 0.55 0.15 0.01 - - 9.92 3 452 455.33 112 8.44 
12/13/2005 0.1 0.56 0.01 0.005 - - - 73 552 625.33 - - 
1/10/2006 0.25 0.13 0.11 - - - 19.1 33 652 685.33 120 8.28 
1/17/2006 - 0.49 0.23 - - - 11.2 33 624 657.33 120 8.11 
1/24/2006 0.35 - 0.11 0.028 - - 11.9 17 788 804.67 115 7.94 
1/31/2006 0.19 0.44 0.12 0.023 - - 8.04 23 680 703.33 131 8.06 
2/7/2006 0.37 - 0.14 0.016 - - 10.6 0 720 720 125 8.25 
2/14/2006 0.05 0.45 0.19 0.025 - - 3.34 27 804 830.67 112 7.93 
2/21/2006 0.13 0.28 0.09 0.023 - - 7.8 20 788 808 104 7.88 
2/28/2006 0.24 0.51 0.11 0.021 - - 5.53 23 584 607.33 126 8.12 
2/28/2006 0.2 0.44 - - - - 5.63 30 644 674 124 8.15 
3/7/2006 0.25 0.46 0.14 0.022 - - 7.41 17 680 696.67 104 8.15 































3/21/2006 1.07 - 0.13 0.013 - - 5.39 10 632 642 134 8.42 
3/28/2006 - - 0.13 0.024 0.705 0.835 3.48 - - - 114 8.6 
4/4/2006 0.37 0.62 0.16 0.025 - - 4.61 - 384 - 138 8.52 
4/11/2006 0.31 0.33 0.11 0.033 0.72 0.83 5.01 7 536 543 132 8.68 
4/18/2006 0.44 0.67 0.15 0.039 - - 5.36 7 416 423 144 8.39 
5/2/2006 0.37 - 0.12 0.039 - - 2.51 - - - 136 8.8 
5/23/2006 0.3 - 0.13 0.048 1.787 1.917 - 0 620 620 - - 
5/30/2006 0.75 0.78 0.12 0.047 - - - 10 404 414 - - 
6/6/2006 0.67 - 0.12 0.045 - - 8.31 30 740 770 139 8.64 
6/13/2006 0.59 0.61 0.12 0.05 - - 8.1 0 804 804 124 8.36 
6/20/2006 0.4 - 0.13 0.035 - - 9.67 10 796 806 136 8.19 
7/11/2006 0.13 1.8 0.12 0.046 - - 12.1 0 568 568 138 8.49 
             
Average 0.28 0.58 0.11 0.05 1.19 1.75 7.92 30 672 695 121 8.24 
s 0.23 0.29 0.05 0.07 0.47 1.17 3.26 35 187 175 12 0.29 
Varence 0.05 0.09 0.00 0.00 0.22 1.36 10.60 1222 34996 30634 136 0.08 
n 32 25 37 35 5 6 35 35 36 34 37 37 
Mass Out 76 153 29 13 315 466  7958 178346 184436 32052  







































7/22/2005 - - 0.1 - - - - - - - 88 7.37 
7/22/2005 - - 0.11 - - - - - - - - - 
8/29/2005 - - 0.06 0.15 - - - 20 864 884 92 8.13 
9/5/2005 - - - 0.06 - - - 63 976 1039.33 92 8.47 
9/12/2005 - - - 0.04 - - 6.88 73 1100 1173.33 134 8.66 
9/19/2005 - - - 0.04 0.766 - 14.2 - 1140 - 92 7.05 
9/19/2005 - - - 0.05 1.121 - 21.1 - 1132 - 112 8.73 
9/26/2005 0.2 1.01 - - - - 19.9 47 1136 1182.67 112 8.1 
10/3/2005 - 0.72 - 0.04 - - 11.8 23 1028 1051.33 126 8.35 
10/10/2005 0.3 - 0.16 0.04 - - 13.2 10 956 966 118 7.92 
10/17/2005 0.17 0.97 - 0.01 - - 12.7 50 864 914 117 8.03 
10/31/2005 0.16 1.09 0.01 0.05 - - 14 47 696 742.67 110 8.05 
11/7/2005 0.19 1.03 0.13 0.01 1.66 1.79 16.3 100 456 556 110 8.52 
11/14/2005 0.2 1.06 0.03 0.01 - - 14.6 40 640 680 106 8.33 
11/28/2005 0.19 1.16 0.16 0.01 - - 13.3 7 520 526.67 110 8.34 
12/13/2005 0.19 1.18 0.01 0.006 - - - 87 224 310.67 - - 
1/10/2006 0.17 0.56 0.11 - - - 21.4 50 800 850 104 8.11 
1/10/2006 0.14 0.69 0.11 - - - 22.3 43 800 843.33 100 8.1 
1/17/2006 - 0.63 0.22 - - - 28.1 73 840 913.33 96 8.18 
1/24/2006 0.5 0.66 0.11 0.022 - - 22.9 53 944 997.33 106 7.78 
1/31/2006 0.17 0.26 0.15 0.027 - - 13.2 33 748 781.33 124 7.88 
2/7/2006 0.39 - 0.19 0.025 - - 16.3 17 744 760.67 120 7.93 
2/7/2006 0.34 - 0.18 0.02 - - 16.6 17 748 764.67 122 7.95 
2/14/2006 0.2 0.51 0.2 0.027 - - 9.19 37 992 1028.67 107 7.79 
2/21/2006 0.24 0.26 0.1 0.034 - - 9.14 7 968 974.67 100 7.65 
2/28/2006 0.23 0.34 0.12 0.023 - - 13.7 30 808 838 106 7.91 
3/7/2006 0.48 - 0.25 0.038 - - 18.8 47 904 950.67 112 8.04 
3/13/2006 0.39 - 0.14 0.02 - - 8.52 0 508 508 139 8.15 
3/21/2006 0.53 - 0.12 0.015 - - 3.82 10 520 530 142 8.36 
































3/28/2006 - - - 0.3 0.361 - 1.36 - - - 152 8.45 
4/4/2006 0.35 0.46 0.12 0.028 - - 1.88 - 364 - 150 8.39 
4/11/2006 0.32 0.42 0.1 0.028 - - 1.68 7 332 339 158 8.46 
4/18/2006 0.37 0.61 0.12 0.029 - - 1.35 13 388 401 150 8.33 
5/2/2006 0.41 - 0.1 0.028 - - 1.16 - - - 122 9.29 
5/23/2006 0.33 - 0.1 0.038 2.033 2.133 - 0 644 644 - - 
5/23/2006 0.27 - 0.1 0.033 2.197 2.297 - - - - - - 
5/30/2006 0.58 0.6 0.11 0.04 - - - 23 260 283 - - 
6/6/2006 0.35 0.5 0.11 0.043 - - 12.7 20 824 844 163 8.59 
6/13/2006 0.5 0.58 0.1 0.042 - - 12.1 10 892 902 114 8.02 
6/20/2006 0.46 - 0.11 0.039 - - 17.7 23 972 995 108 7.73 
7/11/2006 0.09 - 0.1 0.041 - - 21.1 17 740 757 108 8.28 
7/11/2006 0.1 - 0.11 0.037 - - - 17 680 697 - - 
             
Average 0.30 0.70 0.12 0.049 1.20 1.65 12.78 33 761 783 119 8.18 
Stand. Dev. 0.14 0.29 0.05 0.066 0.78 0.88 7.23 25 251 239 20 0.38 
Varence 0.02 0.09 0.00 0.00 0.61 0.77 52.29 642 63178 57157 394 0.14 
n 32 22 35 37 7 4 34 34 37 34 37 37 
Mass Out 91 212 36 15 367 503  9986 232033 238850 36307  






































7/22/2005 - - 0.08 - - - - - - - 94 7.66 
7/22/2005 - - 0.08 - - - - - - - - - 
8/29/2005 - - 0.02 0.12 - - - 47 700 746.67 98 8.57 
9/5/2005 - - - 0.04 - - - 10 788 798 88 7.88 
9/12/2005 - - - 0.03 - - 7.72 153 1032 1185.33 80 8.62 
9/19/2005 - - - 0.04 0.677 - 9.83 - 1040 - 104 8.38 
9/19/2005 - - - - 0.677 - 15.8 - 1052 - 106 8.42 
9/26/2005 0.17 0.62 0.17 - - - 9.66 37 1100 1136.67 106 7.91 
10/3/2005 - 0.59 - 0.05 - - 13.9 13 1040 1053.33 98 8.45 
10/10/2005 0.15 - - 0.04 - - 10.2 10 948 958 110 7.99 
10/17/2005 0.12 0.77 0.16 0.01 - - 10.6 37 940 976.67 110 8.31 
10/31/2005 0.17 0.83 0.01 0.05 - - 7.8 30 696 726 107 8.03 
11/7/2005 0.29 0.84 0.12 0.02 1.86 1.98 8.87 63 556 619 109 8.18 
11/14/2005 0.16 0.81 0.03 0.01 - - 8.26 23 624 647.33 106 8.19 
11/28/2005 0.16 0.82 0.13 0.01 - - 12 0 508 508 112 8.23 
12/13/2005 0.17 0.82 0.01 0.008 - - - 57 572 628.67 - - 
1/10/2006 0.85 0.24 0.1 - - - 21.6 240 804 1044 108 8.52 
1/10/2006 0.82 0.4 0.09 - - - 21.3 120 - - 102 8.49 
1/17/2006 - 0.92 0.25 - - - 27.9 263 844 1107.33 98 8.41 
1/24/2006 0.45 0.82 0.14 0.022 - - 21.8 70 972 1042 106 7.88 
1/31/2006 0.23 0.43 0.14 0.028 - - 10.3 47 688 734.67 130 7.95 
2/7/2006 0.41 - 0.14 0.022 - - 13.5 10 768 778 122 8.07 
2/7/2006 0.33 - 0.15 0.02 - - 13.4 20 880 900 122 8.02 
2/14/2006 0.1 0.64 0.21 0.027 - - 22.8 43 1024 1067.33 100 7.8 
2/21/2006 0.15 0.42 0.12 0.038 - - 6.73 7 544 550.67 133.8 8.05 
2/28/2006 0.26 0.37 0.1 0.023 - - 3.64 20 484 504 132 8.22 
3/7/2006 0.2 0.4 0.21 0.042 - - 8.71 33 772 805.33 114 8.24 
3/13/2006 0.29 0.44 0.12 0.018 - - 3.01 10 360 370 143 8.31 
3/21/2006 0.32 - 0.11 0.013 - - 2.44 20 432 452 140 8.45 































3/28/2006 - - - 0.024 0.189 - 1 - - - 142 8.68 
4/4/2006 0.38 0.45 0.11 0.023 - - 2.47 - 172 - 118 8.72 
4/11/2006 0.23 0.61 0.1 0.033 - - 2.52 10 236 246 102 9.37 
4/18/2006 0.31 0.35 0.12 0.029 - - 3.07 3 336 339 124 8.88 
5/2/2006 0.41 - 0.11 0.027 - - 2.14 - - - 60 9.92 
5/23/2006 0.29 - 0.1 0.026 1.951 2.051 - 0 452 452 - - 
5/23/2006 0.29 - 0.11 0.024 1.787 1.897 - - - - - - 
5/30/2006 0.55 0.69 0.11 0.027 - - - 23 160 183 - - 
6/6/2006 0.33 0.72 0.11 0.027 - - 4.07 0 680 680 105 9.11 
6/13/2006 0.52 0.61 0.11 0.029 - - 3.69 0 792 792 98 9.03 
6/20/2006 0.48 - 0.12 0.029 - - 5.95 17 776 793 116 8.2 
7/11/2006 0.11 0.14 0.11 0.032 - - 10.7 3 592 595 104 8.52 
7/11/2006 0.11 0.18 0.11 0.026 - - - 3 608 611 - - 
             
Average 0.31 0.57 0.11 0.029 1.05 1.56 9.66 42 694 728 111 8.41 
Stand. Dev. 0.19 0.22 0.05 0.019 0.79 0.84 6.98 63 259 266 18 0.45 
Varence 0.03 0.05 0.00 0.00 0.62 0.70 48.70 3938 67321 70570 312 0.20 
n 32 26 36 36 7 4 34 34 36 33 37 37 
Mass Out 87 163 33 8 299 443  12066 197209 207031 31556  






































7/22/2005 - - 0.05 - - - - - - - 74 7.93 
7/22/2005 - - 0.05 - - - - - - - - - 
8/29/2005 - - 0.03 0.019 - - - 43 300 343.33 86 9.42 
8/29/2005 - - - 0.017 - - - - - - - - 
9/5/2005 - - - 0.02 0.395 - - 43 236 279.33 38 6.52 
9/5/2005 - - - - 0.287 - - 17 252 268.67 68 8.24 
9/12/2005 - - - 0.04 - - 9.07 17 360 376.67 76 9.17 
9/19/2005 - - - 0.04 - - 4.20 - 344 - 78 9.16 
9/26/2005 0.19 0.59 - - 5.09 - 7.70 43 352 395.33 75 8.97 
10/3/2005 - 0.54 0.16 0.04 - - 8.22 3 364 367.33 80 9.11 
10/10/2005 0.09 - 0.11 0.06 - - 7.51 33 384 417.33 80 8.86 
10/17/2005 0.2 0.58 0.14 0.05 - - 6.98 37 352 388.67 82 9.25 
10/31/2005 0.31 0.59 <.01 0.04 - - 4.37 40 320 360 81 9.17 
11/7/2005 0.38 0.59 0.09 0.01 - - 4.66 50 248 298 81 9.25 
11/14/2005 0.21 0.55 0.03 0.03 1.73 1.76 5.45 10 304 314 78 9.25 
11/14/2005 0.22 0.61 0.02 0.03 1.91 1.93 4.84 13 288 301.33 78 9.23 
11/28/2005 0.21 0.54 0.07 0.005 - - 5.77 3 220 223.33 78 9.44 
12/13/2005 0.24 0.55 0.01 0.013 - - - 53 304 357.33 - - 
1/10/2006 0.5 0.71 0.07 - - - 7.12 37 420 456.67 86 9.17 
1/17/2006 - 1.18 0.1 - - - 7.76 93 456 549.33 79 9.08 
1/24/2006 0.52 1.08 0.08 0.026 - - 7.75 50 520 570 89 8.54 
1/31/2006 0.35 0.41 0.07 0.017 - - 8.63 67 464 530.67 108 8.53 
2/7/2006 0.45 - 0.09 0.02 - - 8.18 20 448 468 96 9.64 
2/14/2006 0.23 0.72 0.1 0.027 - - 7.29 30 520 550 90 8.9 
2/21/2006 0.28 0.51 0.12 0.028 - - 6.42 7 408 414.67 106 8.75 
2/28/2006 0.32 0.89 0.12 0.037 - - 7.43 27 404 430.67 106 9.07 
3/7/2006 0.58 - 0.1 0.03 - - 3.01 33 472 505.33 80 9.34 
3/13/2006 0.38 0.54 0.12 0.021 - - 9.57 117 348 464.67 95 9.4 
3/21/2006 0.69 - 0.11 0.012 - - 2.27 17 416 432.67 76 9.7 































4/4/2006 0.39 0.81 0.11 0.022 - - 6.9 - 376 - 70 9.61 
4/11/2006 0.39 - 0.1 0.03 - - 3.25 27 480 507 66 9.78 
4/18/2006 0.4 0.69 0.13 0.033 0.757 0.887 1.91 20 388 408 94 9.46 
4/18/2006 0.38 0.71 0.14 0.032 0.859 0.999 1.84 20 412 432 98 9.46 
5/2/2006 0.42 - 0.11 0.031 - - 2.49 - - - 90 9.6 
5/23/2006 0.46 - 0.11 0.033 - - - 3 592 595 - - 
5/30/2006 0.56 0.6 0.12 0.033 - - - 23 480 503 - - 
6/6/2006 0.36 0.43 0.12 0.033 - - 6.58 17 592 609 95 9.32 
6/13/2006 0.72 0.74 0.11 0.034 - - 6.76 3 220 223 98 9.04 
6/20/2006 0.48 0.62 0.12 0.027 1.285 1.405 5.6 40 680 720 104 8.78 
7/11/2006 0.07 0.51 0.11 0.037 - - 3.65 3 412 415 100 8.76 
             
Average 0.37 0.65 0.10 0.03 1.54 1.40 5.80 31 393 426 85 9.11 
Stand. Dev. 0.16 0.18 0.04 0.01 1.55 0.46 2.29 25 108 114 14 0.58 
Varence 0.03 0.03 0.00 0.00 2.40 0.21 5.23 632 11598 13075 191 0.34 
n 30 25 34 35 8 5 32 34 36 34 36 36 
Mass Out 99 176 26 8 415 377  8411 105941 114871 22902  







































7/22/2005 - - 0.05 - - - - - - - 72 7.36 
7/22/2005 - - 0.05 - - - - - - - - - 
8/29/2005 - - 0.03 0.017 - - - 40 264 304 100 8.91 
8/29/2005 - - - 0.019 - - - - - - - - 
9/5/2005 - - - 0.09 0.718 - - 30 192 222 80 8.57 
9/5/2005 - - - - - - - 47 240 286.67 78 8.63 
9/12/2005 - - - 0.02 - - 6.26 17 332 348.67 80 8.68 
9/19/2005 - - - 0.06 - - 6.44 - - - 82 8.84 
9/26/2005 0.38 0.62 0.14 - 0.54 0.68 8.10 13 384 397.33 79 8.38 
10/3/2005 - 0.58 0.12 0.04 - - 7.49 17 376 392.67 82 8.27 
10/10/2005 0.25 - 0.1 0.05 - - 6.30 67 344 410.67 84 8.11 
10/17/2005 0.51 0.62 0.12 0.03 - - 6.31 20 332 352 100 8.37 
10/31/2005 0.28 0.64 0.01 0.03 - - 8.24 10 308 318 87 8.69 
11/7/2005 0.36 0.67 0.08 0.01 - - 5.07 47 256 303 82 8.88 
11/14/2005 0.23 0.64 0.02 0.02 1.76 1.78 7.33 27 276 302.67 78 8.85 
11/14/2005 0.24 0.69 0.02 0.02 1.91 1.93 8.76 13 264 277.33 78 8.84 
11/28/2005 0.41 0.6 0.08 0.005 - - 6.37 0 216 216 74 8.81 
12/13/2005 0.41 0.6 0.01 0.012 - - - 53 312 365.33 - - 
1/10/2006 0.49 0.58 0.1 - - - 7.24 70 356 426 104 8.31 
1/17/2006 - 0.96 0.1 - - - 7.62 53 408 461.33 101 8.34 
1/24/2006 0.39 - 0.09 0.023 - - 8.39 23 444 467.33 89 8 
1/31/2006 0.24 0.67 0.08 0.02 - - 6.4 30 408 438 104 8.09 
2/7/2006 0.45 - 0.11 0.018 - - 9.1 7 388 394.67 94 8.81 
2/14/2006 0.23 0.7 0.1 0.029 - - 7.96 27 456 482.67 86 8.45 
2/21/2006 0.27 0.41 0.11 0.024 - - 10.1 7 428 434.67 82 8.1 
2/28/2006 0.17 0.57 0.11 0.026 - - 7.96 27 396 422.67 94 8.9 
3/7/2006 0.47 0.6 0.11 0.026 - - 5.84 50 556 606 100 9.62 
3/13/2006 0.45 - 0.12 0.018 - - 10.2 83 348 431.33 91 9.42 
3/21/2006 0.92 - 0.11 0.012 - - 9.49 80 420 500 64 9.24 































4/4/2006 0.57 0.75 0.12 0.023 - - 3.43 - 356.4 - 80 9.25 
4/11/2006 0.32 - 0.12 0.029 - - 2.59 33 456 489 84 9.66 
4/18/2006 0.45 0.61 0.14 0.035 0.919 1.059 2.67 7 356 363 102 9.38 
4/18/2006 0.46 - 0.15 0.031 0.973 1.123 2.36 10 308 318 100 9.39 
5/2/2006 0.41 - 0.12 0.029 - - 4.36 - - - 90 9.97 
5/23/2006 0.36 - 0.12 0.035 - - - 7 588 595 - - 
5/30/2006 0.56 0.62 0.13 0.036 - - - 20 436 456 - - 
6/6/2006 0.55 0.65 0.13 0.027 - - 5.2 20 576 596 87 8.66 
6/13/2006 0.54 0.56 0.12 0.044 - - 3.59 7 596 603 102 8.04 
6/20/2006 0.56 - 0.13 0.028 1.32 1.45 5.03 20 628 648 106 7.76 
7/11/2006 0.3 0.73 0.12 0.036 - - 5.96 3 432 435 102 8.52 
             
Average 0.41 0.64 0.10 0.028 1.16 1.34 6.43 29 384 414 89 8.76 
Stand. Dev. 0.15 0.10 0.04 0.015 0.52 0.47 2.19 23 109 110 11 0.56 
Varence 0.02 0.01 0.00 0.00 0.27 0.22 4.79 513 11946 12122 113 0.31 
n 30 22 36 35 7 6 32 34 35 34 36 36 
Mass Out 107 169 26 7 306 352  7625 101180 109018 23389  







































8/29/2005 - - 0.05 0.091 - - - 7 0 6.5 2 5.22 
9/5/2005 - - - 0.19 0.395 - - 18 - - 0 4.54 
9/12/2005 - - 0.13 0.04 - - 5.54 13 12 25 2 5.72 
9/21/2005 - - - - - - 1.17 - - - 2 5.95 
10/3/2005 - 0.35 0.27 0.07 - - 2.16 5 16 21 1 5.38 
10/10/2005 0.01 - 0.28 0.04 - - 1.52 5 0 4.5 10 4.6 
11/14/2005 0.14 0.5 1.02 0.02 - - 4.1 28 136 164 10 6.36 
12/13/2005 0.13 0.53 0.1 - - - - 22 0 21.5 - - 
1/17/2006 - 0.31 0.16 - 0.924 1.084 3.57 10 76 85.5 4 6.26 
1/17/2006 - 0.07 0.16 - 0.924 1.084 3.32 9 56 64.5 5 6.3 
1/24/2006 0.28 1.51 0.54 0.552 - - 41.8 160 128 288 11 6.31 
1/31/2006 0.13 0.27 0.16 0.032 - - 20.1 35 56 91 9 6.74 
2/7/2006 0.31 - 0.2 0.102 - - 3.91 12 0 12 4 6.1 
2/14/2006 0 0.67 0.45 0.424 - - 20.2 48 80 128 9 6.66 
2/28/2006 0.02 0.63 0.6 0.083 - - 12.5 35 44 79 18 6.42 
4/11/2006 0.35 0.75 0.19 0.05 0.828 1.018 7.68 23 4 27 12 6.9 
4/11/2006 0.33 0.64 0.21 0.045 0.77 0.98 7.71 31 8 39 14 6.85 
5/30/2006 0.37 0.38 0.35 0.061 0.635 0.985 - 15 36 51 - - 
5/30/2006 0.35 0.37 0.42 0.055 0.703 1.123 - 8 20 28 - - 
6/6/2006 0.19 0.36 0.66 0.05 - - 1.56 14 44 58 1 5.65 
6/13/2006 0.42 0.45 0.55 0.076 0.377 0.927 3.79 0 20 20 4 5.63 
6/13/2006 0.33 0.41 0.5 0.068 0.386 0.886 - 5 12 17 - - 
6/20/2006 0.32 - 0.72 0.048 - - 4.96 19 24 43 2 5.87 
7/11/2006 - 0.09 0.21 0.062 - - 1.56 0 0 0 2 5.56 
7/18/2006 0.2 - 0.11 0.046 0.3 0.41 2.23 - - - 0.2 5.46 
7/26/2006 0.35 - 0.11 0.044 - - 2.27 - - - 0.2 6.16 
8/1/2006 0.13 - 0.11 0.044 - - 5.16 2 12 14 3 6.04 
8/22/2006 0.2 0.4 0.11 0.044 - - 2.94 3 36 39 0.2 5.27 
9/6/2006 0.82 - 0.11 0.051 - - 1.94 7 20 27 3 5.82 































             
Average 0.26 0.47 0.32 0.09 0.62 0.94 6.83 23 34 58 5 5.90 
Stand. Dev. 0.18 0.31 0.24 0.12 0.24 0.21 9.11 33 37 63 5 0.64 
Varence 0.03 0.10 0.06 0.02 0.06 0.05 82.94 1121 1401 3908 26 0.42 
n 21 19 28 26 10 9 24 27 26 26 26 26 
Mass Out 455 839 561 167 1108 1675  41690 60186 102266 8992  












































8/29/2005 - - 0.08 0.1 - - - 9 0 8.5 6 6 
9/5/2005 - - - 0.28 0.179 - - 17 - - 0 4.55 
9/12/2005 - - 0.51 0.05 - - 2.27 6 24 29.5 4 5.2 
9/19/2005 - - - - - - 1.27 - - - 2 5.93 
10/3/2005 - 0.35 0.19 0.07 - - 1.3 5 16 20.5 1.4 5.21 
10/10/2005 0.17 - 0.43 0.09 - - 1.28 15 0 15 10 4.69 
11/14/2005 0.09 0.38 1.47 0.13 - - 63.1 107 220 326.67 12 6.14 
12/13/2005 0.06 0.42 0.09 - - - - 16 0 15.5 - - 
1/17/2006 - 0.21 0.21 - 1.119 1.329 7.04 35 68 103 3.4 6.35 
1/17/2006 - 0.13 0.24 - 1.814 2.054 7.89 37 64 100.5 5.6 6.38 
1/24/2006 0.19 0.49 0.44 0.237 - - 13.5 39 116 154.67 7 6.39 
1/31/2006 0.06 0.35 0.13 0.027 - - 41.2 32 76 108 7 6.41 
2/7/2006 0.16 - 0.17 0.058 - - 5.01 11 0 11 4 5.93 
2/14/2006 0 0.61 0.42 0.044 - - 21.3 46 76 122 6 6.37 
2/28/2006 0.09 0.41 0.5 0.03 - - 9.18 48 48 96 6 6.49 
4/11/2006 0.22 0.7 0.2 0.057 0.624 0.824 7.24 32 28 60 14 6.84 
4/11/2006 0.26 0.64 0.21 0.056 0.624 0.834 8.03 34 36 70 10 6.86 
5/30/2006 0.36 0.44 0.56 0.064 0.872 1.432 - 11 0 11 - - 
5/30/2006 0.44 0.47 0.61 0.069 0.838 1.448 - 16 0 16 - - 
6/6/2006 0.24 0.45 0.73 0.045 - - 1.5 12 24 36 0.4 5.45 
6/13/2006 0.39 0.41 0.4 0.065 0.318 0.718 3.21 1 8 9 4 5.44 
6/13/2006 0.36 0.39 0.47 0.072 0.359 0.829 - 6 0 6 - - 
6/20/2006 0.29 - 0.55 0.05 - - 2.22 15 44 59 2 5.02 
7/11/2006 - 0.09 0.26 0.046 - - 1.94 0 0 0 2 5.18 
7/18/2006 0.22 - 0.11 0.05 0.33 0.44 1.61 - - - 0.2 5.56 
7/26/2006 0.22 - 0.11 0.047 - - 2.99 - - - 0.3 5.78 
8/1/2006 0 - 0.11 0.047 - - 6.47 0 8 8 2 5.47 
8/22/2006 0.11 0.24 0.11 0.041 - - 2.52 9 28 37 1 4.61 
9/6/2006 1.76 - 0.11 0.054 - - 1.2 17 12 29 0.1 5.07 































             
Average 0.27 0.39 0.35 0.07 0.71 1.10 8.94 24 36 61 4 5.67 
Stand. Dev. 0.35 0.16 0.29 0.06 0.49 0.50 14.49 24 49 70 4 0.73 
Varence 0.13 0.03 0.09 0.00 0.24 0.25 209.89 571 2412 4947 16 0.54 
n 22 19 28 26 10 9 24 27 26 26 26 26 
Mass Out 475 693 621 130 1256 1953  43010 64728 108287 7410  












































7/22/2005 - - 0.06 - - - - - - - 86 7.46 
7/22/2005 - - 0.06 - - - - - - - - - 
8/29/2005 - - 0.01 0.065 - - - 27 128 154.67 102 9.02 
9/5/2005 - - 0.17 0.03 - - - 33 220 253.33 94 8.47 
9/12/2005 - - 0.17 0.03 - - 6.43 13 268 281.33 92 9.29 
9/19/2005 - - - 0.06 - - 7.46 - 352 - 94 9.64 
9/26/2005 0.27 4.87 0.17 - - - 7.66 30 332 362 96 8.97 
9/26/2005 0.3 5.19 - - - - 7.66 23 352 375.33 90 9.77 
10/3/2005 - 1.51 0.12 0.04 - - 5.84 7 340 346.67 91.6 8.32 
10/10/2005 0.17 - 0.14 0.04 - - 8.28 33 296 329.33 92 8.35 
10/17/2005 0.13 3.75 0.15 0.02 - - 7.47 37 348 384.67 94 8.65 
10/31/2005 0.24 3.41 0.01 0.04 - - 8.24 27 296 322.67 94 8.75 
11/7/2005 0.34 3.42 0.09 0.02 - - 11.4 70 296 366 94 8.92 
11/14/2005 0.24 3.37 0.03 0.02 2.15 2.18 5.16 37 268 304.67 94 8.89 
11/28/2005 0.17 3.3 0.07 0.006 - - 4.28 0 220 220 92 9.2 
12/13/2005 0.19 3.16 0.01 0.019 - - - 53 240 293.33 - - 
1/10/2006 0.34 0.38 0.11 - - - 4.69 53 336 389.33 84 9.14 
1/17/2006 - 0.55 0.09 - - - 23.2 100 364 464 68 9.07 
1/24/2006 0.36 1.02 0.09 0.026 - - 7.32 90 400 490 82 8.37 
1/24/2006 0.37 0.76 0.09 0.02 - - 6.14 47 424 470.67 82 8.39 
1/31/2006 0.37 0.77 0.09 0.023 - - 5.19 120 416 536 80 7.93 
2/7/2006 0.39 - 0.09 0.018 - - 7.43 23 380 403.33 81 8.34 
2/14/2006 0.28 0.73 0.1 0.02 - - 8.45 50 492 542 79 8.14 
2/21/2006 0.28 0.56 0.1 0.05 - - 9.64 7 468 474.67 79 7.76 
2/28/2006 0.24 0.48 0.11 0.03 - - 6.55 37 364 400.67 110 8.8 
3/7/2006 0.31 0.49 0.1 0.024 2.7 2.8 6.08 40 384 424 96 8.64 
3/13/2006 0.43 0.79 0.1 0.028 - - 6.89 0 272 272 119 8.84 
3/21/2006 0.41 - 0.1 0.005 - - 2.76 10 316 326 112 9.18 
3/28/2006 - - 0.1 0.017 - - 1.87 - - - 96 9.81 































4/11/2006 0.34 - 0.1 0.028 - - 1.26 30 224 254 102 9.3 
4/18/2006 0.47 0.68 0.11 0.044 1.59 1.7 3.65 13 440 453 92 9.55 
5/2/2006 0.44 - 0.11 0.039 - - 1.56 - - - 102 9.19 
5/23/2006 0.27 - 0.1 0.042 - - - 0 504 504 - - 
5/30/2006 0.5 0.66 0.11 0.058 - - - 0 356 356 - - 
6/6/2006 0.38 0.48 0.11 0.035 - - 3 17 576 593 101 8.73 
6/13/2006 0.6 0.65 0.1 0.045 1.613 1.713 4.35 3 608 611 104 8.74 
6/20/2006 0.56 - 0.12 0.035 1.378 1.498 4.33 27 452 479 94 8.3 
7/11/2006 0.26 1.08 0.11 0.034 - - 4.84 7 380 387 94 8.25 
             
Average 0.34 1.74 0.10 0.03 1.89 1.98 6.31 32 354 389 93 8.81 
Stand. Dev. 0.11 1.53 0.04 0.01 0.54 0.52 3.91 29 102 108 11 0.51 
Varence 0.01 2.34 0.00 0.00 0.29 0.27 15.31 852 10501 11583 121 0.26 
n 30 25 37 33 5 5 32 33 35 33 35 35 
Mass Out 111 576 33 10 625 655  10675 117186 128739 30661  








































7/22/2005 - - 0.09 - - - - - - - 90 8.89 
7/22/2005 - - 0.09 - - - - - - - - - 
8/29/2005 - - 0.02 0.0065 - - - 7 136 142.67 104 9.16 
9/5/2005 - - - 0.2 - - - 7 232 238.67 96 8.74 
9/12/2005 - - 0.1 0.06 - - 2.00 17 296 312.67 98 8.85 
9/19/2005 - - 0.15 0.04 - - 2.01 - 340 - 100 9.33 
9/26/2005 0.4 0.95 - - - - 2.98 7 368 374.67 94 8.95 
9/26/2005 0.42 0.99 - - - - 6.51 - 372 - 94 8.97 
10/3/2005 - 0.71 0.14 0.05 - - 2.44 0 348 348 95.6 8.87 
10/10/2005 0.19 - 0.12 0.05 - - 5.50 23 348 371.33 98 8.68 
10/17/2005 0.19 1.17 0.14 0.02 - - 4.04 43 332 375.33 98 8.99 
10/31/2005 0.24 3.16 0.02 0.04 - - 3.00 33 320 353.33 102 9.24 
11/7/2005 0.37 3.3 0.09 0.01 - - 2.72 57 260 317 99 9.55 
11/14/2005 0.25 3.32 0.03 0.02 2.51 2.54 5.47 53 280 333.33 96 9.7 
11/28/2005 0.24 3.19 0.07 0.006 - - 4.37 13 212 225.33 94 9.83 
12/13/2005 0.25 3.2 0.01 0.012 - - - 50 280 330 - - 
1/10/2006 0.36 0.46 0.09 - - - 8.97 93 352 445.33 90 9.27 
1/17/2006 - 0.58 0.11 - - - 11.50 77 400 476.67 94 9.1 
1/24/2006 0.44 0.72 0.1 0.029 - - 35.30 147 428 574.67 94 8.18 
1/24/2006 0.43 0.62 0.1 0.03 - - 8.54 53 428 481.33 80 8.15 
1/31/2006 0.52 0.75 0.09 0.018 - - 55.40 153 476 629.33 88 8.08 
2/7/2006 0.44 - 0.12 0.02 - - 5.74 130 416 546 86 8.4 
2/14/2006 0.25 1.04 0.1 0.021 - - 6.75 57 524 580.67 84 8.17 
2/21/2006 0.21 0.75 0.1 0.027 - - 7.16 87 496 582.67 84 7.75 
2/28/2006 0.21 0.54 0.11 0.022 - - 2.70 43 352 395.33 116 8.52 
3/7/2006 0.26 0.62 0.1 0.018 2.84 2.94 3.94 47 416 462.67 110 8.6 
3/13/2006 0.41 0.5 0.15 0.022 - - 12.00 50 296 346 131 8.4 
3/21/2006 0.3 - 0.12 0.003 - - 1.90 13 324 337.33 108 8.86 
3/28/2006 - - 0.11 0.016 - - 1.97 - - - 72 9.84 































4/11/2006 0.31 - 0.1 0.032 - - 1.16 13 188 201 70 9.69 
4/18/2006 0.32 0.5 0.11 0.036 2.35 2.46 6.08 87 504 591 76 8.94 
5/2/2006 0.36 - 0.11 0.032 - - 2.40 - - - 86 9.37 
5/23/2006 0.29 - 0.1 0.038 - - - 0 500 500 - - 
5/30/2006 0.52 0.69 0.11 0.047 - - - 10 376 386 - - 
6/6/2006 0.35 0.7 0.11 0.03 - - 2.55 3 604 607 100 7.12 
6/13/2006 0.69 0.79 0.1 0.042 1.326 1.426 2.51 3 636 639 82 8.94 
6/20/2006 0.49 0.61 0.11 0.037 1.17 1.28 3.80 23 448 471 96 8.79 
7/11/2006 0.28 0.53 0.11 0.031 - - 2.29 0 292 292 88 8.68 
             
Average 0.35 1.20 0.10 0.03 2.04 2.13 7.08 44 365 415 93 8.86 
Stand. Dev. 0.12 1.03 0.03 0.03 0.75 0.73 10.72 43 114 133 13 0.61 
Varence 0.01 1.06 0.00 0.00 0.56 0.54 114.96 1826 12919 17597 162 0.37 
n 30 26 36 33 5 5 32 32 35 32 35 35 
Mass Out 111 385 32 11 655 684  14053 117372 133156 29976  








































7/22/2005 - - - - - - - - - - 30 6.44 
7/22/2005 - - - - - - - - - - - - 
8/29/2005 - - - 0.29 - - - 40 144 184 50 10.5 
9/5/2005 - - - 0.08 - - - 33 60 93.33 62 10.32 
9/12/2005 - - 0.48 0.05 - - 12.10 40 172 212 48 10.25 
9/12/2005 - - 0.49 - - - - 20 164 184 26 10.25 
9/19/2005 - - - 0.05 - - 27.70 27 212 238.67 44 10.44 
9/26/2005 1.93 3.23 0.38 - - - 7.79 10 172 182 47 10 
10/3/2005 - 2.31 0.21 0.07 2.78 2.99 8.78 7 160 166.67 44.4 9 
10/10/2005 3.07 - 0.16 0.06 - - 10.80 20 136 156 52 8.94 
10/17/2005 2.26 3.49 0.16 0.06 - - 3.26 23 172 195.33 52 9.37 
10/31/2005 2.18 3.7 0.01 0.04 - - 8.44 20 144 164 56 9.69 
11/7/2005 2.06 3.78 0.1 0.02 - - 1.03 43 152 195 55 9.79 
11/14/2005 2.04 3.51 0.03 0.01 - - 3.81 0 132 132 54 9.79 
11/28/2005 2.19 3.64 0.09 0.006 - - 5.68 0 92 92 56 9.63 
11/28/2005 2.29 3.78 0.07 0.006 1.76 1.83 4.51 0 60 60 56 9.63 
12/13/2005 2.21 3.6 0.01 0.009 - - - 43 88 131.33 - - 
1/10/2006 2.43 2.78 0.13 - - - 5.01 63 - - 64 8.06 
1/17/2006 - 2.7 0.07 - - - 13.5 70 212 282 66 7.88 
1/24/2006 1.98 2.52 0.08 0.033 - - 9.05 30 208 238 70 7.55 
1/31/2006 2.42 - 0.08 0.023 - - 10.5 50 248 298 69 7.76 
2/7/2006 1.89 - 0.13 0.022 - - 10.2 30 176 206 72 8.66 
2/14/2006 2.21 2.45 0.09 0.027 1.035 1.125 3.01 43 216 259.33 66 9.43 
2/14/2006 1.97 2.38 0.09 0.03 1.773 1.863 2.73 33 200 233.33 67 9.4 
2/21/2006 1.47 2.07 0.11 0.025 - - 8.01 33 180 213.33 70 8.27 
2/28/2006 1.27 1.62 0.12 0.027 - - 2.77 40 216 256 94 8.25 
3/7/2006 1.3 1.75 0.11 0.02 - - 3.18 53 212 265.33 102 8.32 
3/13/2006 1.23 1.82 0.13 0.029 - - 5.25 0 148 148 102 7.94 
3/13/2006 1.15 1.23 0.13 0.027 - - 7.07 0 160 160 102 7.99 































3/28/2006 - - 0.09 0.022 - - 1.32    108 8.99 
4/4/2006 0.87 1.39 0.12 0.023 1.03 1.15 1.76 - 196 - 124 8.61 
4/4/2006 0.76 1.37 0.12 0.025 1.041 1.161 2.37 - - - 100 8.6 
4/11/2006 0.76 0.78 0.12 0.022 - - 1.24 20 276 296 126 8.47 
4/18/2006 0.61 0.75 0.14 0.027 - - 2.77 20 260 280 112 9.01 
5/2/2006 0.63 0.66 0.13 0.026 - - 4.93    76 9.4 
5/23/2006 0.43 - 0.13 0.025 - - - 20 276 296 - - 
5/30/2006 0.43 1.06 0.12 0.025 - - - 10 236 246 - - 
6/6/2006 0.47 1.02 0.12 0.02 - - 4.6 23 244 267 70 9.94 
6/13/2006 0.69 1.07 0.12 0.027 - - 1.69 0 252 252 64 9.62 
6/20/2006 0.54 0.92 0.13 0.022 - - 2.58 20 228 248 80 9.39 
6/20/2006 - - - - - - - 30 224 254 - - 
7/11/2006 0.41 1.35 0.13 0.026 - - 4.32 0 112 112 78 9.54 
             
Average 1.50 2.16 0.14 0.04 1.57 1.69 5.97 25 183 207 73 9.10 
Stand. Dev. 0.77 1.07 0.10 0.05 0.69 0.73 5.16 19 57 63 25 0.85 
Varence 0.59 1.15 0.01 0.00 0.48 0.53 26.67 343 3198 4021 608 0.72 
n 32 29 37 36 6 6 34 37 37 36 38 38 
Mass Out 599 864 54 15 627 674  10041 73141 82614 29101  






































7/22/2005 - - - - - - - - - - 26 7.5 
7/22/2005 - - - - - - - - - - - - 
8/29/2005 - - - 0.12 - - - 13 168 181.33 52 10.5 
9/5/2005 - - - 0.02 - - - 7 68 74.67 60 10.48 
9/12/2005 - - 0.46 0.06 - - 30.30 47 152 198.67 46 10.26 
9/12/2005 - - 0.46 - - - - 10 168 178 48 9.75 
9/19/2005 - - 0.24 0.07 - - 12.20 - 200 - 42 10.44 
9/26/2005 1.98 3.31 0.17 - - - 17.90 27 164 190.67 47 9.63 
10/3/2005 - 1.4 0.14 0.06 4.93 5.07 19.00 30 172 202 52 9.16 
10/10/2005 2.82 - 0.11 0.07 - - 9.60 17 136 152.67 54 8.96 
10/17/2005 2.25 3.34 0.14 0.07 - - 5.52 33 140 173.33 78 9.24 
10/31/2005 2.42 3.67 0.01 0.04 - - 3.89 20 180 200 59 8.7 
11/7/2005 2.2 3.43 0.1 0.02 - - 4.77 67 136 203 62 9.11 
11/14/2005 1.96 3.4 0.03 0.01 - - 2.25 17 156 172.67 63 9.27 
11/28/2005 2.45 3.51 0.11 0.007 2.186 2.296 14.50 0 76 76 66 9.5 
11/28/2005 2.27 3.68 0.09 0.006 1.876 1.966 8.08 0 76 76 64 9.47 
12/13/2005 2.47 3.6 0.01 0.007 - - - 67 88 154.67 - - 
1/10/2006 1.89 1.81 0.09 - - - 10.5 60 - - 69 9.24 
1/17/2006 - 2.42 0.08 - - - 10.2 73 236 309.33 72 8.97 
1/24/2006 1.54 2.21 0.1 0.03 - - 6.37 23 188 211.33 73 7.97 
1/31/2006 1.88 - 0.08 0.024 - - 5.29 37 220 256.67 75 8.1 
2/7/2006 1.53 - 0.1 0.018 - - 3.83 7 172 178.67 76 8.99 
2/14/2006 1.39 1.82 0.09 0.028 1.624 1.714 2.96 33 212 245.33 74 9.2 
2/14/2006 1.34 1.65 0.1 0.03 3.114 3.214 2.53 33 216 249.33 71 9.2 
2/21/2006 1.09 1.67 0.1 0.025 - - 6.51 37 204 240.67 74 7.95 
2/28/2006 1.22 1.34 0.12 0.025 - - 4.24 30 224 254 102 8.5 
3/7/2006 0.66 1.76 0.12 0.016 - - 5.09 40 228 268 98 8.21 
3/13/2006 0.85 1.43 0.13 0.028 - - 6.13 0 172 172 106 8.35 
3/13/2006 0.67 1.29 0.13 0.026 - - 5.77 0 172 172 108 8.31 































3/28/2006 - - 0.1 0.023 - - 0.78    110 9.7 
4/4/2006 0.37 0.68 0.11 0.023 0.773 0.883 1.56 - 168 - 100 9.42 
4/4/2006 0.35 0.72 0.12 0.024 0.795 0.915 0.91 - - - 92 9.41 
4/11/2006 0.28 0.44 0.1 0.021 - - 1.97 20 224 244 100 9.2 
4/18/2006 0.44 0.98 0.12 0.023 - - 1.25 3 260 263 96 9.53 
5/2/2006 0.43 0.81 0.12 0.024 - - 4.88    102 8.59 
5/23/2006 0.35 - 0.11 0.024 - - - 13 296 309 - - 
5/30/2006 0.48 1.09 0.12 0.022 - - - 13 256 269 - - 
6/6/2006 0.33 1.08 0.11 0.018 - - 7.9 30 256 286 90 9.62 
6/13/2006 0.94 1.09 0.11 0.027 - - 6.27 3 240 243 88 9.43 
6/20/2006 0.57 1.12 0.12 0.021 - - 9.82 40 272 312 98 9.43 
6/20/2006 - - - - - - - 47 192 239 - - 
7/11/2006 0.36 1.23 0.12 0.024 - - 8.95 20 160 180 88 9.36 
             
Average 1.28 1.93 0.13 0.03 2.19 2.29 7.15 26 186 211 77 9.20 
Stand. Dev. 0.80 1.07 0.09 0.02 1.46 1.47 6.12 20 55 62 21 0.66 
Varence 0.65 1.15 0.01 0.00 2.12 2.15 37.41 400 3069 3794 430 0.43 
n 32 29 38 36 7 7 34 36 37 35 38 38 
Mass Out 467 705 46 11 798 838  9473 67954 77114 28301  






































7/22/2005 - - - - - - - - - - 28 7 
7/22/2005 - - - - - - - - - - - - 
8/29/2005 - - 0.15 0.34 - - - 10 268 278 48 10.56 
9/5/2005 - - - 0.23 - - - 53 112 165.33 70 10.52 
9/12/2005 - - - 0.27 - - 31.20 47 164 210.67 48 10.36 
9/19/2005 - - - 0.14 - - 32.90 23 188 211.33 48 10.6 
9/26/2005 1.73 3.27 0.13 - - - 25.90 43 148 191.33 47 10.09 
10/3/2005 - 2.34 0.2 0.05 3.74 3.94 8.64 33 148 181.33 46 10.18 
10/3/2005 - 2.47 0.19 0.04 1.03 1.22 8.70 37 172 208.67 46 10.19 
10/10/2005 1.98 - 0.11 0.06 - - 12.20 27 176 202.67 48 9.91 
10/17/2005 1.79 3.27 0.15 0.05 - - 15.00 33 148 181.33 54 10.17 
10/31/2005 1.53 3.18 0.01 0.03 - - 4.40 23 168 191.33 53 9.88 
11/7/2005 1.28 2.87 0.1 0.02 - - 2.73 47 136 183 55 10.06 
11/14/2005 1.61 2.81 0.03 0.02 - - 2.41 0 116 116 55 10.01 
11/28/2005 1.74 3.19 0.09 0.007 2.24 2.33 11.70 0 88 88 60 9.77 
12/13/2005 1.84 3.15 0.01 0.006 - - - 77 124 200.67 - - 
1/10/2006 2.52 2.84 0.09 - - - 9.65 53 - - 69 9.14 
1/17/2006 - 1.8 0.09 - - - 11.40 77 216 292.67 67 9.21 
1/24/2006 1.16 3.16 0.08 0.024 - - 14.10 40 192 232 67 8.73 
1/31/2006 1 2.22 0.07 0.03 - - 10.70 53 220 273.33 70 8.93 
2/7/2006 0.93 - 0.09 0.016 - - 2.81 0 136 136 80 8.84 
2/14/2006 1.26 2.03 0.08 0.023 1.818 1.898 11.80 27 216 242.67 64 9.05 
2/21/2006 1.49 2.35 0.1 0.021 - - 9.65 57 200 256.67 68 7.8 
2/28/2006 1.46 2.44 0.11 0.03 - - 8.64 47 208 254.67 70 7.92 
3/7/2006 0.77 1.65 0.11 0.019 - - 10.70 63 240 303.33 64 8.01 
3/13/2006 0.92 1.68 0.11 0.017 - - 21.00 40 148 188 126 8.26 
3/21/2006 0.88 - 0.11 0.012 - - 1.92 10 224 234 128 8.85 
3/28/2006 - - 0.1 0.023 - - 2.14 - - - 124 9.06 
4/4/2006 0.46 0.99 0.12 0.022 1.13 1.25 5.70 - 172 - 84 9.01 































4/18/2006 0.39 - 0.13 0.02 - - 3.40 3 248 251 70 9.97 
5/2/2006 0.38 0.44 0.12 0.019 - - 7.49 - - - 74 9.53 
5/23/2006 0.28 - 0.12 0.019 - - - 20 412 432 - - 
5/30/2006 0.5 1.12 0.13 0.023 - - - 33 196 229 - - 
6/6/2006 0.33 1.1 0.13 0.019 - - 5.03 43 252 295 66 9.61 
6/13/2006 0.61 1.02 0.12 0.02 - - 4.74 17 236 253 66 9.75 
6/20/2006 0.43 1.32 0.11 0.015 - - 5.61 30 216 246 76 9.32 
7/11/2006 0.11 1.09 0.13 0.021 - - 5.74 13 56 69 78 9.8 
             
Average 1.06 2.09 0.11 0.05 1.99 2.13 10.00 33 186 219 69 9.46 
Stand. Dev. 0.64 0.92 0.04 0.08 1.10 1.11 8.06 21 64 68 22 0.77 
Varence 0.41 0.85 0.00 0.01 1.20 1.24 64.98 446 4076 4658 482 0.60 
n 28 26 33 33 5 5 31 33 33 32 34 34 
Mass Out 458 903 46 22 861 920  14291 80479 94686 29976  








































7/22/2005 - - - - - - - - - - 26 6.79 
7/22/2005 - - - - - - - - - - - - 
8/29/2005 - - - 0.021 - - - 13 252 265.33 72 10.41 
9/5/2005 - - 0.5 0.02 - - - 0 116 116 60 10.58 
9/12/2005 - - 0.23 0.04 - - 9.22 30 136 166 54 10.38 
9/19/2005 - - 0.2 0.03 - - 2.77 - 188 - 52 10.14 
9/26/2005 2.3 2.35 0.12 - - - 3.65 - 172 - 53 9.01 
10/3/2005 - 3.33 0.15 0.05 2.78 2.93 6.97 33 204 237.33 58 7.99 
10/3/2005 - 3.01 0.16 0.04 3.8 3.96 8.13 30 180 210 60 7.94 
10/10/2005 3.75 - 0.13 0.24 - - 11.40 33 168 201.33 50 9.85 
10/17/2005 2.95 2.47 0.14 0.04 - - 6.78 10 164 174 64 8.88 
10/31/2005 2.35 2.38 0.01 0.03 - - 11.00 47 136 182.67 65 9.06 
11/7/2005 2.05 2.31 0.11 0.01 - - 8.00 57 132 189 65 9.19 
11/14/2005 2.14 2.49 0.03 0.02 - - 4.15 7 132 138.67 57 9.15 
11/28/2005 2.91 2.39 0.08 0.009 - - 13.80 0 76 76 70 9.08 
12/13/2005 2.79 2.42 0.01 0.006 - - - 77 - - - - 
1/10/2006 2.55 1.77 0.09 - - - 13.10 53 - - 74 9.39 
1/17/2006 - 1.94 0.09 - - - 13.50 73 188 261.33 73 9.42 
1/24/2006 2.11 - 0.1 0.023 - - 6.04 17 160 176.67 74 8.96 
1/31/2006 1.75 1.85 0.08 0.024 - - 7.16 37 216 252.67 76 8.86 
2/7/2006 1.59 - 0.13 0.015 - - 1.35 0 160 160 78 8.87 
2/14/2006 1.22 2.51 0.09 0.019 1.11 1.2 4.34 47 216 262.67 69 8.95 
2/21/2006 1.62 - 0.09 0.021 - - 6.17 27 192 218.67 76 8.17 
2/28/2006 1.38 2.12 0.1 0.022 - - 13.30 60 204 264 78 8.18 
3/7/2006 1.03 2.04 0.1 0.017 - - 22.90 60 216 276 74 8.13 
3/13/2006 0.78 1.12 0.11 0.016 - - 7.56 0 152 152 122 8.48 
3/21/2006 0.9 - 0.12 0.01 - - 2.43 20 208 228 122 8.8 
3/28/2006 - - 0.11 0.019 - - 2.79 - - - 88 8.85 
4/4/2006 0.41 0.88 0.13 0.02 - - 9.26 - 148 - 74 8.11 































4/18/2006 0.59 - 0.14 0.021 - - 3.56 7 220 227 60 9.48 
5/2/2006 0.4 0.51 0.13 0.02 - - 4.09 - - - 82 9.13 
5/23/2006 0.34 - 0.12 0.019 - - - 0 248 248 - - 
5/30/2006 0.44 0.85 0.13 0.02 - - - 23 232 255 - - 
6/6/2006 0.37 0.81 0.13 0.015 - - 3.90 20 236 256 69 9.89 
6/13/2006 0.51 0.79 0.12 0.024 - - 2.92 10 220 230 66 9.62 
6/20/2006 0.39 0.72 0.12 0.016 - - 2.24 20 200 220 82 9.17 
7/11/2006 0.16 1.15 0.14 0.019 - - 8.76 3 128 131 74 9.36 
             
Average 1.43 1.84 0.12 0.03 2.56 2.70 7.18 27 181 206 73 9.09 
Stand. Dev. 1.02 0.81 0.08 0.04 1.36 1.39 4.78 23 42 52 17 0.70 
Varence 1.04 0.66 0.01 0.00 1.84 1.95 22.88 514 1760 2653 293 0.49 
n 28 23 35 33 3 3 31 31 32 29 34 34 
Mass Out 640 821 56 13 1147 1207  12082 80938 92381 32503  








































10/3/2005 - 1.99 0.33 0.13 - - 15.10 27 564 590.67 88.2 7.4 
10/10/2005 1.46 - 0.13 0.09 - - 1.30 17 344 360.67 96 7.42 
10/17/2005 1.54 2.72 0.15 0.04 - - 1.92 20 332 352 96 7.67 
10/31/2005 2.11 2.87 0.01 0.03 - - 2.45 30 240 270 76 8 
11/7/2005 1.92 2.93 0.12 0.01 - - 2.58 33 232 265 74 8.28 
11/14/2005 1.27 2.79 0.03 0.01 - - 4.30 7 236 242.67 81 9.14 
11/28/2005 1.59 2.89 0.1 0.006 - - 4.34 0 192 192 68 9.62 
12/13/2005 1.77 2.92 0.01 0.007 2.347 2.357 - 67 240 306.67 - - 
12/13/2005 1.71 2.83 0.01 0.005 2.463 2.473 - 53 204 257.33 - - 
1/10/2006 0.5 0.54 0.12 - - - 1.25 27 - - 90 9.33 
1/17/2006 - 0.64 0.1 - - - 1.33 47 352 398.67 106 9 
1/24/2006 0.48 0.53 0.08 0.052 - - 1.00 10 404 414 88 8.73 
1/31/2006 0.39 - 0.11 0.019 - - 0.72 27 424 450.67 102 8.67 
2/7/2006 0.34 - 0.13 0.027 - - 1.91 0 360 360 72 9.75 
2/14/2006 0.18 0.61 0.12 0.022 - - 0.80 27 460 486.67 77 9.01 
2/21/2006 0.14 0.23 0.09 0.022 - - 2.06 0 380 380 86 8.46 
2/21/2006 0.2 0.29 0.09 0.02 - - 0.58 - - - 86 8.47 
2/28/2006 0.09 0.43 0.1 0.023 - - 1.03 20 312 332 86 9.12 
2/28/2006 - - 0.1 0.024 - - - - - - - - 
3/7/2006 0.31 0.39 0.1 0.018 - - 1.61 33 368 401.33 82 8.67 
3/13/2006 0.47 - 0.11 0.019 - - 5.81 0 276 276.00 54 8.99 
3/21/2006 0.21 - 0.15 0.027 0.643 0.793 0.89 30 324 354.00 46 9.25 
3/28/2006 - - 0.13 0.029 - - 1.11 - - - 70 9.44 
4/4/2006 0.33 0.55 0.17 0.029 - - 1.27 - 224 - 88 8.98 
4/11/2006 0.29 - 0.11 0.02 - - 3.73 37 288 324.67 56 9.59 
4/18/2006 0.48 - 0.12 0.02 - - 0.98 7 260 266.67 94 8.55 
5/2/2006 0.35 - 0.13 0.021 0.441 0.571 1.31 - - - 68 9.72 
5/2/2006 0.31 - 0.12 0.019 0.328 0.448 1.31 - - - 66 9.71 
5/23/2006 0.31 - 0.12 0.021 - - - 0 372 372.00 - - 































6/6/2006 0.34 0.44 0.12 0.017 0.687 0.807 0.80 3 400 403.33 96 8.91 
6/6/2006 0.39 0.5 0.12 0.015 0.63 0.75 0.94 10 340 350.00 96 8.82 
6/13/2006 0.55 0.65 0.11 0.021 - - 1.15 3 412 415.33 90 8.86 
6/20/2006 0.44 - 0.12 0.018 - - 1.00 23 420 443.33 106 8.64 
7/11/2006 0.02 0.41 0.13 0.018 - - 1.78 3 204 207.33 88 9.29 
7/18/2006 0.47 - 0.1 0.04 - - 2.14 - - - 9 9.59 
7/26/2006 0.36 - 0.1 0.042 0.14 0.24 2.07 - - - 9 9.55 
8/1/2006 0.14 - 0.12 0.042 1.2 1.32 3.94 1 264 265.00 9 9.54 
8/22/2006 0.33 0.84 0.12 0.046 1.3 1.42 11.10 27 236 262.70 9 9.17 
9/6/2006 1.12 - 0.11 0.05 1.05 1.16 10.00 1 288 289.00 12 8.92 
9/13/2006 0.27 0.63 0.11 0.046 - - 11.30 7 204 210.70 8 9.56 
9/20/2006 0.36 0.5 0.1 0.054 1.06 1.16 12.10 9 200 209.00 8 9.68 
             
Average 0.63 1.22 0.11 0.03 0.99 1.09 3.22 18 312 332 69 8.96 
Stand. Dev. 0.58 1.08 0.05 0.02 0.72 0.68 3.74 17 89 91 32 0.63 
Varence 0.34 1.18 0.00 0.00 0.51 0.46 13.95 291 8002 8313 1030 0.39 
n 38 25 42 40 13 13 37 34 34 33 37 37 
Mass Out 80 156 14 4 126 139  2280 39782 42367 8749 






































10/3/2005 - 4.28 0.48 0.05 - - 3.67 27 652 678.67 75.8 7.44 
10/10/2005 1.45 - 0.41 0.28 - - 2.21 10 364 374 105 7.75 
10/17/2005 1.58 2.96 0.14 0.05 - - 4.50 17 360 376.67 97 8.83 
10/31/2005 1.78 2.94 0.01 0.02 - - 7.72 13 296 309.33 76 9.29 
11/7/2005 1.72 2.91 0.11 0.01 - - 6.13 33 264 297 75 9.51 
11/14/2005 1.48 3.09 0.04 0.01 - - 6.73 27 272 298.67 72 9.67 
11/28/2005 1.76 2.93 0.09 0.005 - - 6.20 0 208 208 68 9.09 
12/13/2005 1.99 3.09 0.01 0.011 1.828 1.838 - 57 268 324.67 - - 
12/13/2005 1.79 2.79 0.01 0.012 1.569 1.579 - 53 320 373.33 - - 
1/10/2006 0.4 0.47 0.1 - - - 2.70 23 - - 98 9.29 
1/17/2006 - 1.03 0.15 - - - 1.21 27 412 438.67 110 9.02 
1/24/2006 0.44 - 0.09 0.049 - - 0.79 10 464 474 101 8.43 
1/31/2006 0.33 0.47 0.09 0.018 - - 0.84 13 480 493.33 106 8.49 
2/7/2006 0.41 - 0.13 0.026 - - 1.37 0 440 440 88 9.23 
2/14/2006 0.12 0.6 0.11 0.021 - - 1.01 27 536 562.67 86 8.98 
2/21/2006 0.17 0.19 0.1 0.024 - - 0.53 7 508 514.67 78 8.69 
2/21/2006 0.11 0.25 0.11 0.02 - - 0.62 - - - 80 8.66 
2/28/2006 0.21 0.33 0.1 0.025 - - 0.82 30 364 394 86 8.89 
2/28/2006 - - 0.11 0.026 - - - - - - - - 
3/7/2006 0.37 0.66 0.11 0.019 - - 1.74 40 484 524.00 76 8.42 
3/13/2006 0.35 0.41 0.12 0.019 - - 3.76 20 376 396.00 58 8.83 
3/21/2006 0.21 - 0.11 0.028 0.585 0.695 0.56 30 404 434.00 48 9.02 
3/28/2006 - - 0.1 0.028 - - 0.75 - - - 62 9.33 
4/4/2006 0.41 0.56 0.13 0.026 - - 0.91 - 204 - 90 8.78 
4/11/2006 0.29 0.4 0.27 0.019 - - 0.91 20 332 352.00 62 9.46 
4/18/2006 0.42 0.59 0.3 0.02 - - 1.18 3 288 291.33 90 8.74 
5/2/2006 0.43 - 0.13 0.018 0.328 0.458 1.88 - - - 62 9.85 
5/2/2006 0.42 - 0.13 0.017 0.215 0.345 1.37 - - - 60 9.86 
5/23/2006 0.29 - 0.12 0.017 - - - 0 348 348.00 - - 































6/6/2006 0.32 0.34 0.12 0.02 0.63 0.75 1.85 10 368 378.00 87 9.01 
6/6/2006 0.35 - 0.13 0.017 0.63 0.76 1.90 13 392 405.33 91 9.10 
6/13/2006 0.45 0.57 0.12 0.017 - - 1.95 10 420 430.00 74 8.94 
6/20/2006 0.41 - 0.13 0.014 - - 2.74 23 420 443.33 118 8.85 
7/11/2006 0.08 0.33 0.14 0.018 - - 3.13 0 184 184.00 92 9.09 
7/18/2006 0.41 - 0.11 0.029 - - 3.25 - - - 8 9.39 
7/26/2006 0.54 - 0.11 0.029 0.22 0.33 3.81 - - - 9 9.44 
8/1/2006 0.32 - 0.12 0.029 0.6 0.72 4.76 - - - 9 9.35 
8/22/2006 0.32 0.68 0.12 0.033 1 1.12 11.70 37 292 328.70 9 9.10 
9/6/2006 0.2 - 0.11 0.04 1.02 1.13 8.31 3 280 283.00 19 8.31 
9/13/2006 0.23 0.59 0.11 0.043 - - 9.35 0 216 216.00 10 9.39 
9/20/2006 0.56 0.56 0.11 0.048 1.15 1.26 8.35 7 200 206.70 9 9.43 
             
Average 0.62 1.28 0.13 0.03 0.79 0.89 3.28 18 352 374 69 9.00 
Stand. Dev. 0.58 1.26 0.09 0.04 0.50 0.46 2.90 15 112 114 32 0.51 
Varence 0.33 1.58 0.01 0.00 0.25 0.22 8.40 226 12457 12975 1055 0.26 
n 38 27 42 40 13 13 37 33 33 32 37 37 
Mass Out 74 152 15 4 94 106  2148 41824 44501 8177 






































10/3/2005 - 2.09 - 0.04 - - 2.87 13 672 685.33 76 7.41 
10/10/2005 1.98 - - 0.26 - - 1.48 13 320 333.33 112 7.73 
10/10/2005 1.91 - - 0.25 - - 1.69 13 356 369.33 112 7.78 
10/17/2005 1.91 3.2 - 0.13 - - 3.12 13 368 381.33 115 8.6 
10/31/2005 1.86 3.19 0.01 0.04 - - 6.20 20 308 328 104 9.47 
11/7/2005 1.61 3.24 0.11 0.02 - - 7.36 40 304 344 97 9.89 
11/14/2005 1.78 3.33 0.03 0.01 - - 4.70 13 320 333.33 94 9.7 
11/28/2005 1.94 3.42 0.1 0.009 - - 5.19 0 228 228 91 8.89 
12/13/2005 2.04 3.46 0.01 0.009 2.953 2.963 - 50 536 586 - - 
1/10/2006 1.95 2.15 0.16 - - - 14.30 40 404 444 78 9.94 
1/17/2006 - 1.97 0.11 - - - 11.40 63 500 563.33 72 9.72 
1/24/2006 1.32 1.74 0.08 0.037 - - 3.71 10 548 558 74 8.14 
1/31/2006 1.16 1.19 0.12 0.021 - - 1.48 27 444 470.67 114 8.15 
1/31/2006 1.09 - 0.13 0.023 - - 2.98 23 448 471.33 113 8.15 
2/7/2006 1.06 - 0.1 0.012 - - 3.14 7 476 482.67 104 8.07 
2/14/2006 0.95 1.58 0.14 0.026 - - 1.07 17 656 672.67 70 8.03 
2/21/2006 0.83 - 0.13 0.024 - - 1.68 0 616 616 72 7.82 
2/28/2006 0.72 - 0.15 0.025 - - 0.78 20 344 364 124 8.24 
3/7/2006 0.55 - 0.14 0.017 - - 1.22 30 452 482 130 8.36 
3/13/2006 0.43 - 0.13 0.019 - - 1.01 0 252 252 132 8.75 
3/21/2006 0.25 - 0.11 0.015 0.354 0.464 1.77 10 276 286 102 9.04 
3/21/2006 0.23 - 0.11 - 0.412 0.522 1.75 10 276 286 98 9.05 
3/28/2006 - - 0.11 0.023 - - 1.50 - - - 96 9.27 
4/4/2006 0.53 0.62 0.12 0.022 - - 1.53 - 112 - 78 9.23 
4/11/2006 0.26 - 0.11 0.017 - - 1.34 13 208 221 76 9.21 
4/18/2006 0.4 0.58 0.12 0.018 - - 2.32 13 276 289 74 9.34 
5/2/2006 0.33 0.41 0.12 0.016 0.836 0.956 2.51 - - - 60 9.83 
5/23/2006 0.33 - 0.13 0.018 - - - 0 352 352 - - 
5/30/2006 0.45 0.54 0.13 0.019 - - - 13 152 165 - - 































6/13/2006 0.52 0.54 0.12 0.019 - - 1.32 10 444 454 86 8.37 
6/20/2006 0.44 - 0.13 0.014 - - 0.70 20 460 480 84 8.48 
7/11/2006 0.17 0.36 0.14 0.017 - - 1.35 0 88 88 88 8.87 
7/18/2006 0.61 - 0.11 0.027 1.11 1.22 1.53 - - - 7.6 8.87 
7/26/2006 0.39 - 0.11 0.029 1.2 1.31 1.29 - - - 7.8 9.15 
8/1/2006 0.17 - 0.12 0.029 0.73 0.85 1.27 0 332 332 7.9 9.22 
8/22/2006 0.28 0.44 0.12 0.03 0.44 0.56 3.44 10 308 318 7 9.17 
9/6/2006 1.4 - 0.12 0.038 1.24 1.36 7.28 13 304 317 7.8 9.59 
9/13/2006 0.29 0.94 0.12 0.039 - - 4.24 2 296 298 6.4 9.32 
9/20/2006 0.3 0.4 0.12 0.043 0.94 1.06 5.62 1 332 333 7.4 9.78 
             
Average 0.89 1.63 0.11 0.04 1.00 1.10 3.16 15 367 389 77 8.86 
Stand. Dev. 0.66 1.20 0.03 0.06 0.72 0.69 2.99 15 138 138 38 0.70 
Varence 0.43 1.44 0.00 0.00 0.52 0.48 8.92 216 19108 19127 1475 0.48 
n 37 22 36 37 11 11 37 35 36 35 37 37 
Mass Out 135 248 17 6 152 168  2331 55843 59283 11698 







































10/3/2005 - 1.81 - 0.04 - - 5.67 20 996 1016 78 7.25 
10/10/2005 1.44 - - 0.45 - - 1.13 13 456 469.33 108 7.52 
10/10/2005 1.42 - - 0.47 - - 1.15 17 468 484.67 108 7.63 
10/17/2005 1.39 2.9 - 0.17 - - 3.26 17 468 484.67 102 8.29 
10/31/2005 1.62 2.65 0.01 0.05 - - 4.19 10 364 374 89 9.35 
11/7/2005 1.54 2.57 0.11 0.01 - - 3.32 23 380 403 90 9.36 
11/14/2005 1.28 2.27 0.04 0.01 - - 5.15 13 356 369.33 88 8.97 
11/28/2005 1.59 2.68 0.1 0.007 - - 10.20 0 280 280 85 8.43 
12/13/2005 1.75 2.7 <.01 0.006 0.934 0.934 - 70 252 322 - - 
1/10/2006 1.96 1.37 0.09 - - - 5.10 40 - - 68 9.4 
1/17/2006 - 1.52 0.13 - - - 3.24 63 568 631.33 64 8.96 
1/24/2006 0.8 0.96 0.1 0.034 - - 2.42 17 612 628.67 64 8.04 
1/31/2006 0.62 0.69 0.11 0.028 - - 2.09 20 512 532 118 8.19 
1/31/2006 0.68 - 0.12 0.027 - - 1.42 23 480 503.33 97 8.18 
2/7/2006 0.52 - 0.14 0.018 - - 4.85 10 528 538 100 8.39 
2/14/2006 0.63 0.82 0.12 0.022 - - 0.83 20 748 768 65 8.45 
2/21/2006 0.23 0.35 0.14 0.024 - - 1.58 13 752 765.33 66 8.95 
2/28/2006 0.24 0.42 0.15 0.024 - - 0.46 17 368 384.67 94 9.05 
3/7/2006 0.32 - 0.14 0.017 - - 1.53 37 452 488.67 102 8.74 
3/13/2006 0.29 0.43 0.14 0.018 - - 1.53 0 256 256 70 9.32 
3/21/2006 0.15 - 0.1 0.02 0.1 0.2 0.44 27 232 258.67 56 9.47 
3/21/2006 0.15 - 0.11 - 0.21 0.32 0.75 10 224 234 52 9.49 
3/28/2006 - - 0.11 0.028 - - 0.60 - - - 58 9.29 
4/4/2006 0.4 0.49 0.12 0.027 - - 0.52 - 272 - 56 9.16 
4/11/2006 0.26 0.49 0.12 0.019 - - 0.62 27 192 219 60 9.4 
4/18/2006 0.48 0.48 0.16 0.017 - - 0.69 30 336 366 50 9.26 
5/2/2006 0.38 0.5 0.14 0.016 0.158 0.298 1.02 - - - 54 9.61 
5/23/2006 0.44 - 0.13 0.016 - - - 0 392 392 - - 
5/30/2006 0.5 - 0.14 0.016 - - - 3 208 211 - - 































6/13/2006 0.5 0.57 0.13 0.018 - - 0.71 7 564 571 56 8.32 
6/20/2006 0.39 0.52 0.14 0.014 - - 0.86 23 556 579 78 8.45 
7/11/2006 0.11 0.25 0.15 0.016 - - 2.98 0 268 268 72 9.31 
7/18/2006 0.39 - 0.12 0.027 1.05 1.17 2.94 - - - 6.9 9.32 
7/26/2006 0.37 - 0.12 0.031 0.6 0.72 4.48 - - - 6.8 9.32 
8/1/2006 0.15 - 0.12 0.031 0.79 0.91 6.51 7 332 339 6.9 9.31 
8/22/2006 0.23 0.25 0.12 0.029 0.31 0.43 5.92 7 312 319 6.1 9.13 
9/6/2006 0.44 - 0.11 0.035 0.87 0.98 8.01 17 336 353 7.1 9.61 
9/13/2006 0.48 0.8 0.12 0.033 - - 9.03 6 296 302 9 9.39 
9/20/2006 0.67 - 0.13 0.04 0.88 1.01 4.67 1 232 233 8.3 9.29 
             
Average 0.68 1.15 0.12 0.05 0.59 0.70 2.99 18 415 437 64 8.90 
Stand. Dev. 0.54 0.93 0.03 0.10 0.34 0.34 2.59 16 177 181 33 0.63 
Varence 0.29 0.87 0.00 0.01 0.12 0.11 6.73 252 31461 32823 1084 0.40 
n 37 25 35 37 11 11 37 35 35 34 37 37 
Mass Out 98 167 17 7 85 101  2584 60258 63359 9237 

































pH QAQC Data 
Date pH Dup. pH RPD [%] 
9/12/2005 10.25 10.25 0.0 
9/12/2005 10.26 9.75 5.1 
9/19/2005 7.05 8.73 21.3 
9/19/2005 8.38 8.42 0.5 
9/26/2005 8.97 9.77 8.5 
9/26/2005 8.95 8.97 0.2 
10/3/2005 10.18 10.19 0.1 
10/3/2005 7.99 7.94 0.6 
10/10/2005 7.73 7.78 0.6 
10/10/2005 7.52 7.63 1.5 
10/17/2005 7.94 7.94 0.0 
10/17/2005 6.54 6.01 8.4 
10/31/2005 8.61 8.56 0.6 
10/31/2005 7.89 8.02 1.6 
11/7/2005 8.73 8.65 0.9 
11/7/2005 8.28 8.28 0.0 
11/14/2005 9.25 9.23 0.2 
11/14/2005 8.85 8.84 0.1 
11/28/2005 9.63 9.63 0.0 
11/28/2005 9.5 9.47 0.3 
1/10/2006 8.11 8.1 0.1 
1/10/2006 8.52 8.49 0.4 
1/17/2006 6.26 6.3 0.6 
1/17/2006 6.35 6.38 0.5 
1/24/2006 8.37 8.39 0.2 
1/24/2006 8.18 8.15 0.4 
1/31/2006 8.15 8.15 0.0 
1/31/2006 8.19 8.18 0.1 
2/7/2006 7.93 7.95 0.3 
2/7/2006 8.07 8.02 0.6 
2/14/2006 9.43 9.4 0.3 
2/14/2006 9.2 9.2 0.0 
2/21/2006 8.46 8.47 0.1 
2/21/2006 8.69 8.66 0.3 
3/8/2006 7.89 7.86 0.4 
3/8/2006 7.61 7.59 0.3 
3/13/2006 7.94 7.99 0.6 
3/13/2006 8.35 8.31 0.5 
3/21/2006 9.04 9.05 0.1 
3/21/2006 9.47 9.49 0.2 
3/28/2006 8.44 8.65 2.5 
3/28/2006 8.68 8.68 0.0 
4/5/2006 8.61 8.6 0.1 
4/5/2006 9.42 9.41 0.1 
4/12/2006 6.9 6.85 0.7 
4/12/2006 6.84 6.86 0.3 
 341
Date pH Dup. pH RPD [%] 
4/19/2006 9.46 9.46 0.0 
4/19/2006 9.38 9.39 0.1 
5/3/2006 9.72 9.71 0.1 
5/3/2006 9.85 9.86 0.1 
6/7/2006 8.91 8.82 1.0 
6/7/2006 9.01 9.1 1.0 
6/14/2006 8.86 8.72 1.6 
6/14/2006 8.94 8.86 0.9 
6/20/2006 8.64 8.63 0.1 
6/20/2006 8.85 8.89 0.5 
7/12/2006 9.29 9.26 0.3 
7/12/2006 9.09 9.01 0.9 
7/18/2006 8.64 7.49 14.3 
7/18/2006 6.32 6.08 3.9 
7/25/2006 9.15 9.19 0.4 
7/25/2006 9.32 9.48 1.7 
8/1/2006 6.04 5.48 9.7 
8/1/2006 5.47 5.41 1.1 
8/8/2006 7.9 8.34 5.4 
8/8/2006 6.92 6.85 1.0 
8/15/2006 9.71 9.79 0.8 
8/15/2006 9.72 9.74 0.2 
8/22/2006 8.7 7.79 11.0 
8/22/2006 7.18 7.34 2.2 
8/29/2006 8.91 8.87 0.4 
8/29/2006 9.31 9.31 0.0 
9/5/2006 5.82 5.25 10.3 
9/5/2006 5.07 5.03 0.8 
9/12/2006 9.56 9.52 0.4 
9/12/2006 9.39 9.42 0.3 
9/19/2006 9.78 9.79 0.1 



















9/12/2005 48 46 4.3 
9/12/2005 46 48 4.3 
9/19/2005 92 112 19.6 
9/19/2005 104 106 1.9 
9/26/2005 96 90 6.5 
9/26/2005 94 94 0.0 
10/3/2005 46 46 0.0 
10/3/2005 58 60 3.4 
10/10/2005 112 112 0.0 
10/10/2005 108 108 0.0 
10/17/2005 164 166 1.2 
10/17/2005 7 6 15.4 
10/31/2005 130 128 1.6 
10/31/2005 116 116 0.0 
11/7/2005 126 126 0.0 
11/7/2005 112 110 1.8 
11/14/2005 78 78 0.0 
11/14/2005 78 78 0.0 
11/28/2005 56 56 0.0 
11/28/2005 66 64 3.1 
1/10/2006 104 100 3.9 
1/10/2006 108 102 5.7 
1/17/2006 4 5 22.2 
1/17/2006 3.4 5.6 48.9 
1/24/2006 82 82 0.0 
1/24/2006 94 80 16.1 
1/31/2006 114 113 0.9 
1/31/2006 118 97 19.5 
2/7/2006 120 122 1.7 
2/7/2006 122 122 0.0 
2/14/2006 66 67 1.5 
2/14/2006 74 71 4.1 
2/21/2006 86 86 0.0 
2/21/2006 78 80 2.5 
3/8/2006 166 170 2.4 
3/8/2006 72 70 2.8 
3/13/2006 102 102 0.0 
3/13/2006 106 108 1.9 
3/21/2006 102 98 4.0 
3/21/2006 56 52 7.4 
3/28/2006 152 152 0.0 
3/28/2006 142 142 0.0 










4/5/2006 100 92 8.3 
4/12/2006 12 14 15.4 
4/12/2006 14 10 33.3 
4/19/2006 94 98 4.2 
4/19/2006 102 100 2.0 
5/3/2006 68 66 3.0 
5/3/2006 62 60 3.3 
6/7/2006 96 96 0.0 
6/7/2006 87 91 4.5 
6/14/2006 90 88 2.2 
6/14/2006 74 74 0.0 
6/20/2006 106 104 1.9 
6/20/2006 118 96 20.6 
7/12/2006 88 100 12.8 
7/12/2006 92 94 2.2 
7/18/2006 18.8 17.3 8.3 
7/18/2006 1.2 1.1 8.7 
7/25/2006 7.8 7.8 0.0 
7/25/2006 6.8 6.9 1.5 
8/1/2006 3 3 0.0 
8/1/2006 2 2 0.0 
8/8/2006 17.8 18.4 3.3 
8/8/2006 4.4 4.2 4.7 
8/15/2006 6.8 7 2.9 
8/15/2006 6 5.9 1.7 
8/22/2006 22.1 14.8 39.6 
8/22/2006 4.5 4.4 2.2 
8/29/2006 7.7 7.5 2.6 
8/29/2006 6.9 7.6 9.7 
9/5/2006 3 2 40.0 
9/5/2006 0.1 0.2 66.7 
9/12/2006 8.2 8.4 2.4 
9/12/2006 9.5 10 5.1 
9/19/2006 7.4 7.4 0.0 














9/5/2005 236 252 6.6 
9/5/2005 192 240 22.2 
9/12/2005 172 164 4.8 
9/12/2005 152 168 10.0 
9/19/2005 1140 1132 0.7 
9/19/2005 1040 1052 1.1 
9/26/2005 332 352 5.8 
9/26/2005 368 372 1.1 
10/3/2005 148 172 15.0 
10/3/2005 204 180 12.5 
10/10/2005 320 356 10.7 
10/10/2005 456 468 2.6 
10/17/2005 320 380 17.1 
10/31/2005 576 608 5.4 
10/31/2005 612 588 4.0 
11/7/2005 368 400 8.3 
11/7/2005 356 428 18.4 
11/14/2005 304 288 5.4 
11/14/2005 276 264 4.4 
11/28/2005 88 76 14.6 
11/28/2005 192 208 8.0 
12/12/2005 240 204 16.2 
12/12/2005 268 320 17.7 
1/10/2006 652 652 0.0 
1/10/2006 800 800 0.0 
1/17/2006 76 56 30.3 
1/17/2006 68 64 6.1 
1/24/2006 400 424 5.8 
1/24/2006 428 428 0.0 
1/31/2006 444 448 0.9 
1/31/2006 512 480 6.5 
2/7/2006 744 748 0.5 
2/7/2006 768 880 13.6 
2/14/2006 216 200 7.7 
2/14/2006 212 216 1.9 
2/28/2006 644 656 1.8 
2/28/2006 584 644 9.8 
3/8/2006 368 212 53.8 
3/8/2006 332 192 53.4 
3/21/2006 276 276 0.0 
3/21/2006 232 224 3.5 
4/12/2006 4 8 66.7 
4/12/2006 28 36 25.0 








4/19/2006 356 308 14.5 
5/30/2006 36 20 57.1 
5/30/2006 - - - 
6/7/2006 400 340 16.2 
6/7/2006 368 392 6.3 
6/14/2006 20 12 50.0 
6/14/2006 8 0 200.0 
6/20/2006 228 224 1.8 
6/20/2006 272 192 34.5 
7/12/2006 740 680 8.5 
7/12/2006 592 608 2.7 
8/1/2006 332 338 1.8 
8/1/2006 - - - 
8/8/2006 256 260 1.6 
8/8/2006 268 276 2.9 
8/22/2006 244 240 1.7 
8/22/2006 84 40 71.0 
8/29/2006 20 36 57.1 
8/29/2006 28 36 25.0 
9/5/2006 288 196 38.0 





















9/5/2005 43.3 16.7 88.7 
9/5/2005 30 46.7 43.5 
9/12/2005 40 20 66.7 
9/12/2005 46.7 10 129.5 
9/26/2005 30 23.3 25.1 
9/26/2005 6.7 3.3 68.0 
10/3/2005 33.3 36.7 9.7 
10/3/2005 33.3 30 10.4 
10/10/2005 13.3 13.3 0.0 
10/10/2005 13.3 16.7 22.7 
10/17/2005 6 7 15.4 
10/17/2005 6 4.5 28.6 
10/31/2005 33.3 16.7 66.4 
10/31/2005 23.3 40 52.8 
11/7/2005 140 133.3 4.9 
11/7/2005 86.7 90 3.7 
11/14/2005 10 13.3 28.3 
11/14/2005 26.7 13.3 67.0 
11/28/2005 66.7 53.3 22.3 
11/28/2005 56.7 53.3 6.2 
12/12/2005 66.7 53.3 22.3 
12/12/2005 56.7 53.3 6.2 
1/10/2006 50 43.3 14.4 
1/10/2006 240 120 66.7 
1/17/2006 9.5 8.5 11.1 
1/17/2006 35 36.5 4.2 
1/24/2006 90 46.7 63.4 
1/24/2006 146.7 53.3 93.4 
1/31/2006 26.7 23.3 13.6 
1/31/2006 20 23.3 15.2 
2/7/2006 16.7 16.7 0.0 
2/7/2006 10 20 66.7 
2/14/2006 43.3 33.3 26.1 
2/14/2006 33.3 33.3 0.0 
2/28/2006 23.3 50 72.9 
2/28/2006 23.3 30 25.1 
3/8/2006 4.5 4.5 0.0 
3/8/2006 4.5 5 10.5 
3/21/2006 10 10 0.0 
3/21/2006 26.6 10 90.7 
4/12/2006 23 31 29.6 
4/12/2006 32 34 6.1 
4/19/2006 20 20 0.0 








5/30/2006 15 8 60.9 
5/30/2006 11 16 37.0 
6/7/2006 3.3 10 100.8 
6/7/2006 13.3 10 28.3 
6/14/2006 0 5 200.0 
6/14/2006 1 6 142.9 
6/20/2006 20 30 40.0 
6/20/2006 40 46.7 15.5 
7/12/2006 16.7 16.7 0.0 
7/12/2006 3.3 3.3 0.0 
8/1/2006 3.3 0 200.0 
8/1/2006 6.7 23.3 110.7 
8/8/2006 4 3 28.6 
8/8/2006 20 16.7 18.0 
8/22/2006 1 1.5 40.0 
8/22/2006 9 8.5 5.7 
8/29/2006 23.3 16.7 33.0 
8/29/2006 33.3 56.7 52.0 
9/5/2006 1 3.5 111.1 














Turbidity QAQC Data 
Date NTU Dup. 
NTU 
RPD [%] 
9/19/2005 14.2 21.1 39.1 
9/19/2005 9.83 15.8 46.6 
9/26/2005 7.66 7.66 0.0 
9/26/2005 2.98 6.51 74.4 
10/3/2005 8.64 8.7 0.7 
10/3/2005 6.97 8.13 15.4 
10/10/2005 1.48 1.69 13.2 
10/10/2005 1.13 1.15 1.8 
10/17/2005 0.66 0.8 19.2 
10/17/2005 0.69 0.81 16.0 
10/31/2005 5.5 4.03 30.8 
10/31/2005 5.56 5.29 5.0 
11/7/2005 7.19 8.45 16.1 
11/7/2005 8.9 9.42 5.7 
11/14/2005 5.45 4.84 11.9 
11/14/2005 7.33 8.76 17.8 
11/28/2005 5.68 4.51 23.0 
11/28/2005 14.5 8.08 56.9 
1/10/2006 21.4 22.3 4.1 
1/10/2006 21.6 21.3 1.4 
1/17/2006 3.57 3.32 7.3 
1/17/2006 7.04 7.89 11.4 
1/24/2006 7.32 6.14 17.5 
1/24/2006 35.3 8.54 122.1 
1/31/2006 1.48 2.98 67.3 
1/31/2006 2.09 1.42 38.2 
2/7/2006 16.3 16.6 1.8 
2/7/2006 13.5 13.4 0.7 
2/14/2006 3.01 2.73 9.8 
2/14/2006 2.96 2.53 15.7 
2/21/2006 2.06 0.58 112.1 
2/21/2006 0.53 0.62 15.7 
2/28/2006 8.25 8.08 2.1 
2/28/2006 5.53 5.63 1.8 
3/8/2006 3.54 3.58 1.1 
3/8/2006 0.67 0.69 2.9 
3/13/2006 5.25 7.07 29.5 
3/13/2006 6.13 5.77 6.1 
3/21/2006 1.77 1.75 1.1 
3/21/2006 0.44 0.75 52.1 
3/28/2006 1.5 1.36 9.8 
3/28/2006 1.09 1 8.6 
4/5/2006 1.76 2.37 29.5 
4/5/2006 1.56 0.91 52.6 
4/12/2006 7.68 7.71 0.4 
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Date NTU Dup. 
NTU 
RPD [%] 
4/12/2006 7.24 8.03 10.3 
4/19/2006 1.91 1.84 3.7 
4/19/2006 2.67 2.36 12.3 
5/3/2006 1.31 1.31 0.0 
5/3/2006 1.88 1.37 31.4 
6/7/2006 0.8 0.94 16.1 
6/7/2006 1.85 1.9 2.7 
6/14/2006 1.15 1.31 13.0 
6/14/2006 1.95 3.02 43.1 
6/20/2006 1 1.02 2.0 
6/20/2006 2.74 2.67 2.6 
7/12/2006 1.78 1.67 6.4 
7/12/2006 3.13 3.35 6.8 
7/18/2006 1.53 1.46 4.7 
7/18/2006 2.94 3 2.0 
7/25/2006 1.29 1.22 5.6 
7/25/2006 4.48 4.68 4.4 
8/1/2006 16 14.7 8.5 
8/1/2006 7.56 9.1 18.5 
8/8/2006 3.28 3.22 1.8 
8/8/2006 3.22 3.23 0.3 
8/15/2006 1.6 1.36 16.2 
8/15/2006 2.67 2.55 4.6 
8/22/2006 3.44 3.54 2.9 
8/22/2006 5.92 5.78 2.4 
8/29/2006 1.34 1.24 7.8 
8/29/2006 2.25 2.57 13.3 
9/5/2006 1.94 1.7 13.2 
9/5/2006 1.2 1.56 26.1 
9/12/2006 4.24 4.69 10.1 
9/12/2006 9.03 8.9 1.5 
9/19/2006 5.62 5.58 0.7 






















9/19/2005 0.766 1.121 37.6 - - - 
9/19/2005 0.677 0.677 0.0 - - - 
10/10/2005 2.94 3.46 16.3 2.129 2.68 110.2 
10/10/2005 1.83 1.8 1.7 - - - 
11/7/2005 1.77 1.82 2.8 1.66 2.02 72 
11/7/2005 1.35 1.38 2.2 - - - 
11/14/2005 1.73 1.91 9.9 2.15 3.03 88 
11/14/2005 1.76 1.91 8.2 - - - 
11/28/2005 1.88 1.76 6.6 2.24 3.95 114 
11/28/2005 2.19 1.88 15.2 - - - 
12/12/2005 2.35 2.46 4.6 2.95 3.73 78 
12/12/2005 1.83 1.57 15.3 - - - 
1/24/2006 0.92 0.92 0.0 1.15 2 85 
1/24/2006 1.12 1.18 5.2 - - - 
3/8/2006 2.7 2.84 5.1 - - - 
3/8/2006 2.84 2.51 12.3 - - - 
3/28/2006 0.28 0.36 25.0 0.48 2.3 91 
3/28/2006 0.22 0.19 14.6 0.7 2.53 91.5 
4/5/2006 1.03 1.04 1.0 - - - 
4/5/2006 0.77 0.8 3.8 - - - 
4/12/2006 0.83 0.77 7.5 0.63 2.43 90 
4/12/2006 0.62 0.62 0.0 0.72 2.4 84 
4/19/2006 0.76 0.86 12.3 1.59 3.46 93.5 
4/19/2006 0.92 0.97 5.3 2.35 4.11 88 
5/3/2006 0.44 0.33 28.6 0.84 4.3 173 
5/3/2006 0.33 0.21 44.4 0.16 4.5 217 
5/23/2006 2.03 2.2 8.0 1.38 3.08 113 
5/23/2006 1.95 1.79 8.6 1.79 2.51 48 
5/31/2006 0.64 0.7 9.0 0.55 2.56 100.5 
5/31/2006 0.87 0.84 3.5 0.5 2.8 115 
6/7/2006 0.69 0.63 9.1 0.74 2.63 94.5 
6/7/2006 0.63 0.63 0.0 0.57 2.57 100 
6/14/2006 0.38 0.39 2.6 1.61 3.34 86.5 
6/14/2006 0.32 0.36 11.8 1.33 3.24 95.5 
6/28/2006 1.38 1.32 4.4 1.29 3.16 93.5 
6/28/2006 1.17 1.08 8.0 1.32 3.24 96 
7/12/2006 0.3 0.21 35.3 1.11 3.03 96 
7/12/2006 0.33 0.35 5.9 1.05 3.12 103.5 
7/19/2006 0.3 0.21 35.3 1.11 3.03 96 
7/19/2006 0.33 0.35 5.9 1.05 3.12 103.5 
7/25/2006 1.2 1.3 8.0 0.14 2.31 108.5 
7/25/2006 0.6 0.65 8.0 0.22 2.34 106 
8/1/2006 0.73 0.68 7.1 1.2 2.84 82 














8/16/2006 1.02 1.04 1.9 0.88 2.66 89 
8/16/2006 0.99 1.04 4.9 0.83 2.68 92.5 
8/23/2006 0.44 0.31 34.7 1.3 3.23 96.5 
8/23/2006 0.25 0.22 12.8 1 2.99 99.5 
8/30/2006 0.96 0.89 7.6 0.73 2.61 94 
8/30/2006 0.84 0.92 9.1 0.75 2.77 101 
9/6/2006 1.24 0.66 61.1 1.05 2.99 97 
9/6/2006 0.87 0.82 5.9 1.02 3.01 99.5 
9/21/2006 0.94 0.98 4.2 1.06 3.04 99 
































9/12/2005 0.05 0.045 10.5 0.046 0.104 116 
9/12/2005 0.057 0.056 1.8 0.033 0.098 130 
10/10/2005 0.26 0.25 3.9 0.28 1.34 106 
10/10/2005 0.45 0.47 4.3 - - - 
10/17/2005 0.006 0.01 50.0 0.01 0.25 24 
10/17/2005 0.06 0.06 0.0 - - - 
10/31/2005 0.14 0.11 24.0 0.05 1.09 104 
10/31/2005 0.07 0.06 15.4 - - - 
11/7/2005 0.03 0.02 40.0 0.01 0.25 48 
11/7/2005 0.02 0.02 0.0 - - - 
11/14/2005 0.03 0.03 0.0 0.02 0.61 118 
11/14/2005 0.02 0.02 0.0 - - - 
11/28/2005 0.006 0.006 0.0 0.007 0.038 62 
11/28/2005 0.006 0.007 15.4 - - - 
12/12/2005 0.007 0.005 33.3 0.009 0.039 60 
12/12/2005 0.011 0.012 8.7 - - - 
1/24/2006 0.026 0.024 8.0 0.023 0.078 110 
1/24/2006 0.029 0.026 10.9 - - - 
1/31/2006 0.023 0.021 9.1 0.018 0.063 90 
1/31/2006 0.027 0.028 3.6 - - - 
2/7/2006 0.024 0.025 4.1 0.058 0.106 96 
2/7/2006 0.02 0.022 9.5 - - - 
2/15/2006 0.027 0.028 3.6 0.019 0.071 104 
2/15/2006 0.028 0.029 3.5 - - - 
2/21/2006 0.022 0.021 4.7 0.024 0.075 102 
2/21/2006 0.024 0.023 4.3 - - - 
2/28/2006 0.023 0.024 4.3 0.025 0.085 120 
2/28/2006 0.025 0.026 3.9 - - - 
3/8/2006 0.068 0.066 3.0 0.024 0.076 104 
3/8/2006 0.152 0.14 8.2 0.018 0.067 98 
3/13/2006 0.029 0.027 7.1 0.017 0.076 118 
3/13/2006 0.028 0.026 7.4 0.016 0.073 114 
3/28/2006 0.031 0.03 3.3 0.025 0.083 116 
3/28/2006 0.024 0.024 0.0 0.024 0.082 116 
4/5/2006 0.025 0.023 8.3 0.018 0.065 94 
4/5/2006 0.023 0.024 4.3 0.019 0.06 82 
4/12/2006 0.05 0.045 10.5 0.046 0.104 116 
4/12/2006 0.057 0.056 1.8 0.033 0.098 130 
4/19/2006 0.033 0.032 3.1 0.044 0.101 114 
4/19/2006 0.035 0.031 12.1 0.036 0.092 112 
5/3/2006 0.021 0.019 10.0 0.016 0.065 98 
5/3/2006 0.018 0.017 5.7 0.016 0.061 90 
5/23/2006 0.038 0.033 14.1 0.043 0.099 112 














5/31/2006 0.061 0.055 10.3 0.021 0.082 122 
5/31/2006 0.069 0.064 7.5 0.02 0.079 118 
6/7/2006 0.017 0.015 12.5 0.015 0.069 108 
6/7/2006 0.02 0.017 16.2 0.017 0.073 112 
6/14/2006 0.076 0.068 11.1 - - - 
6/14/2006 0.065 0.072 10.2 - - - 
6/20/2006 0.018 0.016 11.8 0.014 0.065 102 
6/20/2006 0.014 0.013 7.4 0.014 0.074 120 
6/28/2006 0.041 0.039 5.0 0.024 0.081 114 
6/28/2006 0.045 0.041 9.3 0.02 0.076 112 
7/12/2006 0.041 0.037 10.3 0.051 0.094 86 
7/12/2006 0.032 0.026 20.7 0.046 0.095 98 
7/18/2006 0.052 0.056 7.4 0.046 0.102 112 
7/18/2006 0.093 0.084 10.2 0.05 0.109 118 
7/25/2006 0.056 0.055 1.8 0.029 0.097 136 
7/25/2006 0.084 0.084 0.0 0.031 0.093 124 
8/22/2006 0.05 0.051 2.0 0.03 0.085 110 
8/22/2006 0.066 0.059 11.2 0.029 0.082 106 
9/5/2006 0.05 0.053 5.8 0.038 0.089 102 
9/5/2006 0.04 0.043 7.2 0.035 0.079 88 
9/12/2006 0.053 0.048 9.9 0.046 0.11 128 
9/12/2006 - - - 0.043 0.106 126 
9/19/2006 0.054 0.046 16.0 0.12 0.18 120 
9/19/2006 0.048 0.046 4.3 0.13 0.18 100 
9/25/2006 0.046 0.044 4.4 0.036 0.1 128 

























8/29/2005 0.07 0.07 0.0 - - - 
8/29/2005 0.03 0.04 28.6 - - - 
9/5/2005 0.35 0.33 5.9 - - - 
9/5/2005 0.22 0.24 8.7 - - - 
9/12/2005 0.48 0.49 2.1 1.19 2.26 107 
9/12/2005 0.46 0.46 0.0 - - - 
9/19/2005 0.55 0.6 8.7 0.43 1.54 111 
9/19/2005 0.47 0.48 2.1 - - - 
9/26/2005 0.17 0.18 5.7 0.14 1.47 133 
9/26/2005 0.6 0.57 5.1 - - - 
10/3/2005 0.2 0.19 5.1 0.14 1.06 92 
10/3/2005 0.15 0.16 6.5 - - - 
10/17/2005 0.22 0.21 4.7 0.14 1.22 108 
10/17/2005 0.54 0.45 18.2 - - - 
10/31/2005 0.01 0.01 0.0 - - - 
10/31/2005 0.01 0.02 66.7 - - - 
11/7/2005 0.12 0.13 8.0 - - - 
11/7/2005 0.12 0.12 0.0 - - - 
11/14/2005 0.03 0.02 40.0 0.03 0.04 100 
11/14/2005 0.02 0.02 0.0 - - - 
11/28/2005 0.09 0.07 25.0 - - - 
11/28/2005 0.11 0.09 20.0 - - - 
12/12/2005 0.01 0.01 0.0 - - - 
12/12/2005 0.01 0.01 0.0 - - - 
1/13/2006 0.11 0.11 0.0 0.11 0.16 100 
1/13/2006 0.1 0.09 10.5 - - - 
1/19/2006 0.16 0.16 0.0 0.06 0.11 100 
1/19/2006 0.21 0.24 13.3 - - - 
1/24/2006 0.09 0.09 0.0 0.09 0.14 100 
1/24/2006 0.1 0.1 0.0 - - - 
1/31/2006 0.12 0.13 8.0 0.09 0.15 120 
1/31/2006 0.12 0.11 8.7 - - - 
2/7/2006 0.19 0.18 5.4 0.17 0.22 100 
2/7/2006 0.15 0.14 6.9 - - - 
2/15/2006 0.09 0.09 0.0 0.09 0.14 100 
2/15/2006 0.09 0.1 10.5 - - - 
2/21/2006 0.09 0.09 0.0 0.13 0.19 120 
2/21/2006 0.1 0.11 9.5 - - - 
2/28/2006 0.1 0.1 0.0 0.15 0.2 100 
2/28/2006 0.1 0.11 9.5 - - - 
3/8/2006 6.29 6.58 4.5 0.1 0.16 120 
3/8/2006 6.09 6.29 3.2 0.1 0.15 100 
3/13/2006 0.13 0.13 0.0 0.11 0.16 100 














3/21/2006 0.11 0.11 0.0 0.15 0.21 120 
3/21/2006 0.11 0.1 9.5 0.11 0.17 120 
4/5/2006 0.12 0.12 0.0 0.11 0.16 100 
4/5/2006 0.11 0.12 8.7 0.11 0.17 120 
4/12/2006 0.19 0.21 10.0 0.1 0.15 100 
4/12/2006 0.2 0.21 4.9 0.1 0.15 100 
4/19/2006 0.13 0.14 7.4 0.11 0.16 100 
4/19/2006 0.14 0.15 6.9 0.11 0.16 100 
5/3/2006 0.13 0.13 0.0 0.12 0.17 100 
5/3/2006 0.12 0.13 8.0 0.14 0.19 100 
5/23/2006 0.1 0.1 0.0 0.11 0.16 100 
5/23/2006 0.11 0.1 9.5 0.13 0.17 80 
5/31/2006 0.35 0.42 18.2 0.12 0.17 100 
5/31/2006 0.56 0.61 8.5 0.13 0.18 100 
6/7/2006 0.12 0.12 0.0 0.12 0.18 120 
6/7/2006 0.12 0.13 8.0 0.14 0.19 100 
6/14/2006 0.55 0.5 9.5 0.12 0.17 100 
6/14/2006 0.4 0.47 16.1 0.13 0.18 100 
6/20/2006 0.12 0.12 0.0 0.13 0.18 100 
6/20/2006 0.13 0.12 8.0 0.14 0.18 80 
6/28/2006 0.11 0.1 9.5 0.13 0.18 100 
6/28/2006 0.09 0.1 10.5 0.13 0.18 100 
7/12/2006 0.1 0.11 9.5 0.12 0.18 120 
7/12/2006 0.11 0.11 0.0 0.12 0.18 120 
7/18/2006 0.14 0.13 7.4 0.11 0.16 100 
7/18/2006 0.14 0.14 0.0 0.11 0.17 120 
7/25/2006 0.13 0.13 0.0 0.11 0.16 100 
7/25/2006 0.12 0.13 8.0 0.12 0.17 100 
8/1/2006 0.14 0.13 7.4 0.12 0.18 120 
8/1/2006 0.15 0.14 6.9 0.12 0.18 120 
8/22/2006 0.13 0.13 0.0 0.12 0.18 120 
8/22/2006 0.12 0.13 8.0 0.12 0.17 100 
9/5/2006 0.11 0.11 0.0 0.12 0.16 80 
9/5/2006 0.11 0.12 8.7 0.11 0.16 100 
9/12/2006 0.11 0.12 8.7 0.11 0.17 120 
9/12/2006 0.11 0.11 0.0 0.11 0.17 120 
9/19/2006 0.1 0.11 9.5 0.12 0.18 120 
9/19/2006 0.11 0.12 8.7 0.13 0.18 100 
9/25/2006 0.12 0.12 0.0 0.13 0.19 120 


















9/26/2005 4.87 5.19 6.4 0.62 1.68 106 
9/26/2005 0.95 0.99 4.1 - - - 
10/3/2005 2.34 2.47 5.4 0.58 1.67 109 
10/3/2005 3.33 3.01 10.1 - - - 
10/17/2005 2.39 2.14 11.0 0.68 1.74 106 
10/17/2005 0.53 0.55 3.7 - - - 
10/31/2005 0.61 0.63 3.2 1.09 2.08 99 
10/31/2005 0.58 0.61 5.0 - - - 
11/7/2005 0.58 0.61 5.0 1.03 2.07 104 
11/7/2005 0.52 0.59 12.6 - - - 
11/14/2005 0.55 0.61 10.3 3.37 4.43 106 
11/14/2005 0.64 0.69 7.5 - - - 
11/28/2005 3.64 3.78 3.8 3.19 4.3 111 
11/28/2005 3.51 3.68 4.7 - - - 
12/12/2005 2.92 2.83 3.1 3.46 4.61 115 
12/12/2005 3.09 2.79 10.2 - - - 
1/13/2006 0.56 0.69 20.8 0.13 1.26 113 
1/13/2006 0.24 0.29 18.9 - - - 
1/19/2006 0.31 0.28 10.2 0.62 1.52 90 
1/19/2006 0.15 0.13 14.3 - - - 
1/24/2006 1.02 0.76 29.2 1.08 2.14 106 
1/24/2006 0.72 0.62 14.9 - - - 
1/31/2006 1.23 1.19 3.3 0.47 1.68 121 
1/31/2006 0.68 0.69 1.5 - - - 
2/15/2006 2.45 2.38 2.9 2.51 2.75 24 
2/15/2006 1.82 1.65 9.8 - - - 
2/21/2006 0.23 0.29 23.1 0.35 1.22 87 
2/21/2006 0.19 0.25 27.3 - - - 
2/28/2006 0.38 0.37 2.7 0.37 1.84 147 
2/28/2006 0.51 0.44 14.7 - - - 
3/8/2006 1.14 1.2 5.1 0.49 1.75 126 
3/8/2006 0.64 0.54 16.9 0.62 1.99 137 
3/13/2006 1.59 1.23 25.5 1.68 2.8 112 
3/13/2006 1.43 1.29 10.3 1.12 2.21 109 
4/5/2006 1.39 1.37 1.4 1.44 2.67 123 
4/5/2006 0.68 0.72 5.7 0.74 2.04 130 
4/12/2006 0.75 0.64 15.8 0.23 1.11 88 
4/12/2006 0.89 0.64 32.7 0.33 1.52 119 
4/19/2006 0.69 0.71 2.9 0.68 1.89 121 
4/19/2006 0.61 0.68 10.9 0.5 1.42 92 
5/3/2006 0.12 0.13 8.0 0.41 1.42 101 
5/3/2006 0.21 0.2 4.9 0.5 1.48 98 
5/31/2006 0.34 0.37 8.5 0.43 1.43 100 














6/7/2006 0.44 0.5 12.8 0.44 1.39 95 
6/7/2006 - - - 0.34 1.35 101 
6/14/2006 0.45 0.41 9.3 0.54 1.86 132 
6/14/2006 0.41 0.39 5.0 0.57 1.35 78 
6/20/2006 0.47 0.44 6.6 0.62 1.83 121 
6/20/2006 0.61 0.53 14.0 0.38 1.55 117 
7/12/2006 0.04 0.05 22.2 0.16 1.25 109 
7/12/2006 0.14 0.18 25.0 1.8 2.81 101 
8/23/2006 0.4 0.33 19.2 0.84 1.99 115 
8/23/2006 0.2 0.28 33.3 0.68 1.84 116 
9/13/2006 0.63 0.57 10.0 - - - 
9/13/2006 0.59 0.75 23.9 - - - 
9/20/2006 0.5 0.56 11.3 0.4 1.28 88 






























9/26/2005 0.27 0.3 10.5 0.38 1.44 106 
9/26/2005 0.4 0.42 4.9 - - - 
10/10/2005 1.98 1.91 3.6 1.45 2.5 105 
10/10/2005 1.44 1.42 1.4 - - - 
10/17/2005 0.85 0.84 1.2 0.07 1.17 110 
10/17/2005 0.41 0.44 7.1 - - - 
10/31/2005 0.17 0.18 5.7 0.16 1.19 103 
10/31/2005 0.09 0.1 10.5 - - - 
11/7/2005 0.25 0.25 0.0 0.19 1.1 91 
11/7/2005 0.21 0.21 0.0 - - - 
11/14/2005 0.21 0.22 4.7 0.24 1.17 93 
11/14/2005 0.23 0.24 4.3 - - - 
11/28/2005 2.19 2.29 4.5 1.74 2.89 115 
11/28/2005 2.45 2.27 7.6 - - - 
12/12/2005 1.77 1.71 3.4 2.04 3.19 115 
12/12/2005 1.99 1.79 10.6 - - - 
1/13/2006 0.17 0.14 19.4 0.25 1.29 104 
1/13/2006 0.85 0.82 3.6 - - - 
1/24/2006 0.36 0.37 2.7 0.39 1.33 94 
1/24/2006 0.44 0.43 2.3 - - - 
1/31/2006 1.16 1.09 6.2 0.33 1.49 116 
1/31/2006 0.62 0.68 9.2 - - - 
2/7/2006 0.39 0.34 13.7 0.16 1.08 92 
2/7/2006 0.41 0.33 21.6 - - - 
2/15/2006 2.21 1.97 11.5 1.22 2.58 136 
2/15/2006 1.39 1.34 3.7 - - - 
2/21/2006 0.14 0.2 35.3 0.23 1.29 106 
2/21/2006 0.17 0.11 42.9 - - - 
2/28/2006 0.19 0.25 27.3 0.26 0.96 70 
2/28/2006 0.24 0.2 18.2 - - - 
3/8/2006 0.97 1.01 4.0 0.31 1.21 90 
3/8/2006 0.48 0.49 2.1 0.26 1.19 93 
3/13/2006 1.23 1.15 6.7 0.92 2.05 113 
3/13/2006 0.85 0.67 23.7 0.78 1.7 92 
3/22/2006 0.25 0.23 8.3 0.21 1.12 91 
3/22/2006 0.15 0.15 0.0 0.21 1.14 93 
4/5/2006 0.87 0.76 13.5 0.41 1.32 91 
4/5/2006 0.37 0.35 5.6 0.41 1.4 99 
4/12/2006 0.33 0.35 5.9 0.34 1.38 104 
4/12/2006 0.22 0.26 16.7 0.31 1.41 110 
4/19/2006 0.4 0.38 5.1 0.47 1.38 91 
4/19/2006 0.45 0.46 2.2 0.32 1.32 100 
5/3/2006 0.35 0.31 12.1 0.33 1.38 105 














5/24/2006 0.33 0.27 20.0 0.27 1.38 111 
5/24/2006 0.29 0.29 0.0 0.3 1.27 97 
5/31/2006 0.37 0.35 5.6 0.4 1.44 104 
5/31/2006 0.36 0.44 20.0 0.43 1.5 107 
6/7/2006 0.34 0.39 13.7 0.34 1.32 98 
6/7/2006 0.32 0.35 9.0 0.31 1.26 95 
6/14/2006 0.42 0.33 24.0 0.52 1.29 77 
6/14/2006 0.39 0.36 8.0 0.5 1.49 99 
6/20/2006 0.56 0.62 10.2 0.48 1.39 91 
6/20/2006 0.49 0.4 20.2 0.56 1.24 68 
7/12/2006 0.09 0.08 11.8 0.26 1.22 96 
7/12/2006 0.11 0.11 0.0 0.13 1.12 99 
7/19/2006 0.2 0.19 5.1 0.61 1.58 97 
7/19/2006 0.22 0.24 8.7 0.39 1.49 110 
7/26/2006 1.17 1.15 1.7 0.35 1.22 87 
7/26/2006 0.41 0.42 2.4 0.22 1.17 95 
8/23/2006 0.53 0.57 7.3 0.28 1.24 96 
8/23/2006 0.3 0.3 0.0 0.23 1.22 99 
9/6/2006 1.12 1.17 4.4 1.4 2.33 93 
9/6/2006 0.2 0.22 9.5 0.44 1.33 89 
9/13/2006 0.86 0.85 1.2 0.27 1.26 99 
9/13/2006 - - - 0.23 1.16 93 
9/20/2006 0.36 0.46 24.4 0.3 1.31 101 







































- Use permanent ink for all hand written records 
- Record the names of all who are present, the date and time of irrigation 
- Look at the rain gages by the chambers and the weather station receiver in the stormwater 
lab to determine the amount of rain that has fallen in the last twenty four hours and record 
the quantity. 
o Empty rain gages onto nearby grass and replace after use 
o Determine if irrigation is needed 
 If more than .5 in. than the regular irrigation chambers DO NOT get 
irrigated 
 If more than 1 in. than all the chambers DO NOT get irrigated 
- Measure and record the height of water in each drum 
o Insert the metal yard stick and record a depth in inches 
- Look at the Tupperware water holding containers and the drums to determine if any water 
needs to be let out or added 
- Measure and record the amount of water added or removed via the graduated cylinder for 
each drum 
o Just record the total inches 
- Measure and record the height of water in each drum 
o Insert the metal yard stick and record a depth in inches 
- Remove any water in the clear Tupperware water holding containers to the respective 55 
gallon drum carefully measuring the amount via the graduated cylinder 
o Just record the total inches 
- Measure and record the height of water in each drum 
o Insert the metal yard stick and record a depth in inches 
- Irrigate each chamber with water from its respective drum making sure to measure and 
use the appropriate amount of water 
o The inches provided on the field spreadsheet is inches of the graduated cylinder 
- Measure and record the height of water in each drum 
o Insert the metal yard stick and record a depth in inches 









Nitrate + Nitrite Procedures 
 
 
1. Select “HACH PROGRAM” “2515 N, Nitrate , LR, 0.5mg/L” 
2. zero with DI water and clean 25 mL sample cell 
3. Select “Options” 
4. Press “view conc.” until screen reads “view abs.” 
5. Select “view abs.” 
6. Select “exit” 
7. Measure out 30 mL of sample in volumetric flask 
8. Add contents of Nitraver 6  packet 
9. Start timer 1 (3:00 min) and shake. 
10. Start timer 2 – wait two minutes 
11. Take out 25 mL and put in another container 
12. Add contents of Nitraver 3 packet to the 25 mL sample 
13. (Start timer 3)  Shake for 30 seconds  
14. (Start timer 4) Wait 15 minutes 
15. Measure ABS on spectrophotometer 

































1. Turn on the Accumet meter 
2. If “ION” is not displayed in the window then press the MODE button until it does. 
3. The Accumet meter’s window will have either 2 or 3 dashes 
4. Choose 3 dashes for 3 significant digits. 
5. Prepare a NH4 calibration curve with the standards of 0.1, 0.5, 1 mg/L  
6. Prepare using the 1000 ppm Ammonia Standard. 
7. Rinse and dry the probe and then insert it in the 0.1 mg/L standard.  
8. Add 2 mL of Ammonia ISA to a 100-mL standard in 150 mL beaker.  
9. Press the STD button on the screen 
10. Press the SETUP button on the screen 
11. Stir the solution moderately and wait for the word MEASURE to appear in the small 
standardization area 
12. Ensure that no bubbles become trapped in or on the membrane.  
13. Set to 0.1 mg/L  




1. The instrument will remain calibrated for 12 hrs. 
2. Take the 100-mL sample to be measured in a 150 mL beaker. 
3. Add 2 mL of Ammonia ISA to the sample.  
4. Insert the Ammonia probe 
5. Stir the solution moderately 
6. Read the potential after 3 to 8 minutes in the large display window when STABLE 
appears.  
7. Ensure that no bubbles become trapped in or on the membrane. 
8. Compare it to the Std curve plotted using the known concentration of Ammonia. 




















• Borate Buffer Solution: add 88 mL of 0.1 N NaOH solution, add 9.5 g Na2B4O7*10H2O, 
dilute to 1L 
• Sodium Hydroxide – Add 400 mL of 15 N NaOH and dilute to 1 L 
• Mixed Indicator Solution – Dissolve 200 mg methyl red indicator in 100 mL 95% 
isopropyl alcohol, dissolve 100 mg methyl blue indicator in 50 mL 95% isopropyl 
alcohol, combine two solutions 
• Boric Acid Indicator – Dissolve 20 g H3BO3 in DI water, add 10 mL of mixed indicator 
solution, dilute to 1 L. 
• 0.02 N Sulfuric Acid Titrant – Add 28 mL of concentrated H2SO4 dilute to 1 L, add 20 
mL of 1 N H2SO4, dilute to 1 L 
• Digestion Reagent – Add 7.3 grams of CuSO4 – start with 800 mL DI water, add 134 g 
K2SO4, add 134 mL of concentrated H2SO4, dilute to 1 L. 
• Sodium Hydroxide / Sodium Thiosulfate Reagent – Dissolve 500 grams NaOH and 25 
grams Na2S2O3*5H2O in water, dilute to 1 L 
• Stock Ammonium Solution – Dissolve 3.819 anhydrous NH4Cl, dried at 100 °C in water, 
dilute to 1 L (1 mL = 1 mg N = 1.22 mg NH3) 
 
 
Inorganic Nitrogen Test 
 
1. Create TKN data table on field sheet 
2. Use amber bottles to obtain samples and cylindrical containers for standards 
3. Measure out 400 mL of sample and add to the amber bottles 
4. Use the containers for generation of a standard curve 
5. Add 20 mL Borate Buffer Solution to each container 
6. Add 4 drops 6 N NaOH to each container 
7. Add 1 mL of ammonia stock to samples being spiked 
8. Turn on burners and condensation water 
9. Measure and pour 50 mL Boric Acid Indicator Solution into numbered Erlenmeyer flasks 
and place in order on distillation apparatus 
10. Fill each of the standard containers to the neck with DI water 
11. Pour contents of each container and amber bottle into the corresponding numbered 
distillation flask and add a few Teflon boiling chips 
12. Set distillation flasks on burners being careful to get a good seal with the stoppers 
13. Once boiling, distill until 350 mL is collected in the Erlenmeyer flask 
14. While samples are boiling, set up titration ring stand with an even numbered volume of 
0.02 N sulfuric acid 
15. Turn off heat to let flasks cool 







1. Turn on burners and vacuum system 
2. When distillation flasks are cool enough to touch, add 50 mL digestion reagent to each of 
the 8 sample flasks 
3. Place flasks on digestion rack 
4. Let contents boil, when white smoke appears, boil for 0.5 hour more and turn off heat 





1. Turn on heat for the distillation step 
2. Add 50 mL Sodium Hydroxide / Sodium Thiosulfate reagent water to each flask 
3. Add approximately 350 mL DI water to each flask 
4. Add 1 mL of ammonia standard to the spiked samples 

















1. Wash and clean crucibles for both suspended and dissolved solids 
2. Place filters in suspended solids crucibles and rinse with DI water 
a. Use filtration vacuum to remove all the water 
3. Place all crucibles in drying oven for at least 4 hours 
4. Remove crucibles from oven and let cool in desiccator 
5. Weigh each crucible and record the weight 
6. Place crucibles back in desiccator for at least one hour 
7. Remove crucibles and reweigh 
a. If weight is different by more than 5% then dry for another hour, cool, and 
reweigh 
8. Vacuum filter the required volume of water using the suspended solids crucibles 
9. Collect the 25 mL of filtrate in the dissolved solids crucible 
10. Place the suspended solids crucibles in the drying oven at 105oC for at least four hours 
a. Repeat steps 4 – 7a 
11. Place the dissolved solids crucibles in the drying oven at 165oC for at least four hours 
a. Repeat steps 4 – 7a 
12. The suspended and dissolved solids are calculated using the difference between the final 













pH and Alkalinity Procedure 
Calibration of pH meter 
Mix buffer solutions:  
1. Take 25 mL of pH 4 buffer solution and dilute to 100 mL with DI water  
2. Take 4 mL of pH 7 buffer solution and dilute to 100 mL with DI water 
3. Take 10 mL of pH 10 buffer solution and dilute to 100 mL with DI water 
 
Calibrate: 
1. Remove electrode storage container from electrode 
2. Turn on pH meter by touching screen 
3. Touch “channel 1” 
4. Touch “pH” 
5. Touch “standardize”             





1. Take 50 mL of each sample 
2. Rinse the electrode with DI water 
3. Place electrode in sample and record pH 
4. Rinse the electrode with DI water and repeat until all samples are complete 
 
Alkalinity: 
1. Take 50 mL of each sample 
2. Place pH electrode in sample 
3. Titrate each sample with 0.02N H2SO4 to a pH of 4.5 
4. Record volume of H2SO4  






















1. Obtain Gelex standard vials labeled (1-10), (1-100), and (1-1000) 
2. Wipe vial with felt wipe 
3. Insert vial into machine (diamond forward) 
4. Push read and record turbidity (to .00) in notebook 




1. Fill empty vial with each sample  
2. Wipe vial with felt wipe 
3. Insert vial into machine (diamond forward)   






Equipment and Supplies: 
 
1. Spectrophotometer 
2. 1 mL epindorph 
3. 10 mL Vile 
4. Hach Phosh 3 powder pillow 
5. Phosphorus Solution 
6. Five 100 mL volumetric flasks 




1. Filter 30 mL of each collected sample 
2. For quality assurance 
a. Filter 60 mL for duplicate samples 
b. Filter 100 mL for spiked samples 
 
Prepare Standards for Calibration Curve: 
1. Prepare 0.1, 0.5, 1.0, 1.5, and 2 mg/L standards using the 100mL volumetric flasks 
 
Testing: 
1. Select Hach program 3025 on the spectrophotmeter 
2. Zero the spectrophotmeter by measuring 10 mL of  DI water in the 10 mL sample cell 
3. Pour 10 mL of the filtered sample into the 10 mL sample cell (pour up to marked line of 
10 mL) 
4. Empty the powder pillow into the vile and cover with parafilm 
5. Shake until most of the powder is dissolved 
6. Let it sit for 2 min (start the timer on the spectrophotometer) 
7. Measure in the spectrophotometer as absorbance 













Total Phosphorus Procedure 
 
Equipment and Supplies: 
 
1. Spectrophotometer 
2. 200 mL cylinders 
3. 1 mL epindorph 
4. Autoclave 
5. pH probe 




1. Concentrated Sulfuric Acid 
2. 10 N Sodium Hydroxide 
3. Phosphate standard solution 




1. Select Hach program 3025 on the Spectrophotometer 
2. Zero the spec using DI water in the 10 mL sample cell 
3. Create the standard solution for the calibration curve (Blank, 0.5 mg/L, 1 mg/L, 1.5 
mg/L, 2 mg/L) 
4. Measure 75 mL of sample and place into 200 mL cylinder (Except for Spikes) 
a. Spikes add 110 mL of sample to cylinder 
5. Lower pH to below 2 using 1 mL Sulfuric acid solution (3:10) 
6. Add 2 g of crystal Ammonium Persulfate 
7. Place cylinders into autoclave, cover with aluminum foil and run autoclave for 45 
minutes 
8. Remove cylinders and let sit until room temperature 
9. Raise the pH to above 10 using the 10N Sodium Hydroxide (1:2) 
10. Make spikes 
a. Add 0.1 mL of 1000 ppm Phosphate standard to a 100 mL volumetric flask 
b. Pour sample up to 100 mL mark 
11. Add DI water to samples to raise volume to 100mL (Except for Spiked Samples) 
12. Select Hach program 3025 on the spectrophotmeter 
13. Zero the spectrophotmeter by measuring 10 mL of  DI water in a 10 mL sample cell 
14. Pour 10 mL of the filtered sample into the 10 mL sample cell (pour up to marked line of 
10 mL) 
15. Empty the powder pillow into the vile and cover with parafilm 
16. Shake until most of the powder is dissolved 
17. Let it sit for 2 min (start the timer on the spectrophotometer) 
18. Measure in the spectrophotometer as absorbance 
19. In put readings into excel spreadsheet and compare to standard curve 
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